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PREFACE, 


HE inſtrument here treated 
of is ſo extenſive in its uſe, 

and ſo ealy to manage, that one 
cannot but wonder it is not yet 
become more common. The ſea- 
men indeed have at laſt adopt- 
ed it, and, dropping their old 
Davis's quadrants, uſe this only for 
finding their Latitude; fo that it 
A 3 is 
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it has now got the name of the 
Sea- quadrant. The application of 
this inſtrument to the taking di- 
ſtances of the moon from the ſun 
and ſtars, in order to find the Lon- 
gitude at ſea, begins likewiſe to be 
underſtood and practiſed; a buſi- 
neſs in which no other quadrant can 
be of the leaſt ſervice. But beſides 
ſeamen, who are indeed obliged to 
obſerve the heavens, there are many 
other perſons who would amuſe 
themſelves with the practical parts 
of Aſtronomy, were the neceſſary 
imſtruments neither expenſive nor : 
troubleſome to uſe. This inſtru- 
ment is cheap, portable, applicable 
to many aſtronomical purpoſes, and 
of all others is the eaſieſt to ma- 


nage. 
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nage. It is indeed its peculiar ex- 
cellence that it requires no ſteadi- 
nefs of the hand to be acquired 
only by long practice; no fixed 
baſis as moſt other aſtronomical in« 
ſtruments do. Beſides aſtronomical 
purpoſes, it makes an uſeful Theo- 
dolite for the ſurveying and mapping 
of counties, and far excels any'other 
inſtrument for taking of-/ers in the 
modern way of plotting and mea- 
ſuring Land. Nothing ſeems to 
have hindered this inſtrument from 
| coming into general . uſe, but the 
want of proper directions, not only 
how to uſe it, but alſo to examine 
the goodneſs and rectify the poſi- 
tion of the glaſſes; without which 
no obſervations made with it can be 
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of any value. The makers them- 
ſelves are but little acquainted with 
the method of adjuſting, the glaſſes 
for the back obſervation : But how 
well ſoever a maker may adjuſt the 
glaſſes at firſt, they will never keep 
their poſition, but muſt be examined 
and rectified from time to time; ſo 
that directions on this head are ab- 
ſolutely neceſſary. Nothing is here 
directed to be done, but what has 
been actually executed: There will 
always be ſome doubt that what is 
propoſed upon Theory only, may 
not be feaſible when it comes to be 

id. 


The remarks are ſometimes more 
proper for thoſe that make than 


thoſe that uſe the inſtrument; poſ- 
ſibly 
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ſibly they may be of ſervice to both. 


All mathematical demonſtrations are 


omitted, as belonging to another 
place; what is here delivered not 
being deſigned for ſpeculation, but 
for practice. 
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HADLEY's QUADRANT, &c. 


A ſhort hiſtory of the invention of the refleft= 
ing inſtrument for taking angles at ſea, com- 
monly called HADLEY's QUADRANT, and 
by foreigners the ENGLISH OCTANT. 


1. The firſt account of any inſtrument 
of this kind is in a paper given in to the 
Royal Society by John Hadley Ef. May 
1731. * The author deſcribes two reflect- 
ing octants; the latter of theſe has three 
ſpeculums, by means of which any angle 
under 180 degrees may be taken, or the 
ſun's altitude obſerved at ſea either from 
that part of the horizon which is under 
the ſun or that part which is oppoſite to it; 
nor does this octant differ eſſentially from 
thoſe now commonly made. The author 


* Philoſophical Tranſactions, Nr. 420. K 
B likes 
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likewife explains the principles on which 
theſe inſtruments were conſtructed. In a 
ſubſequent paper dated 1732 + Mr Hadley 
ſays that an oftant made of wood was pro- 
duced before the ſociety when he gave in 
the deſcription, but that he had fince pro- 
cured another to be made of braſs; and he 
proceeds to give a very circumſtantial ac- 
count of a great number of trials of them 
both, .made on board the Chatham yatch, 
by which their great uſefulneſs at ſea was 
| ſufficiently proved; nevertheleſs it was at 
leaſt twenty years before this excellent in- 
ſtrument began to come into uſe; fo flow 
are even the beſt improvements in mieying 
wu way againſt old prejudices. [s 
Some years after this, viz. in 1742; 
8 . Sir Iſaae Newton's hand- writing, 
was found among Dr Halley's papers after 
the Doctor's death. This paper contains a 
drawing and deſeription of an inſtrument 
not much different from the firſt of Had - 
ley's; its principal properties and uſes at ſea 
are likewiſe there taken notice of, * It 
ſeems therefore that in reality Sir Iſaac New- 
ton was the fr inventor of theſe reflecting 
1 Philoſ. Tranſ. Nr. 423. Philoſ. Tranſ. Nr. 465. 
git 0 qua- 
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huadrints, though this was not known till 
1742, except perbaps to Dr. Halley, who 


ſeems to have taken no notice of this paper 
of Newton's, when Hadley's octant was 
publicly ſhown at the Royal Society. Mr 
Hadley's great abilities and particular {kill 
in optics (of which fhere are many proofs 
in the Tranſactions) leave no room to doubt 
but that he likewiſe was an original in- 
ventor; and accordingly the inſtrument has 
always born his name. 


An account of the ſeveral hort — 
inſtruments for taking angle. 

3. There are ſeveral ſorts of theſe inſtru- 
ments for taking angles by reflection now 
commonly Wade. Large ones of braſs are 
apt to bend acroſs their plane unleſs made 
with perpendicular bars and then they are 
very heavy. The common ſort are of ma- 
Hogany i their diviſions are cut. upon ivory, 
which if it does not ſhrink may do very 
well, as it ſhows the lines very plain and 
will not ruſt with the ſea air. The beſt ſize 
and ſort for general uſe ſeem to be thoſe 


* Perpendicular bars are thoſe whoſe plane is dicu - 
| „„ on the 
backſide | 

B 2 of 
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of fifteen inches radius made of mahogony 
with a braſs plate on the limb for the divi- 
TS | 
4. Some of theſe inſtruments are oftants, 
others ſextants. The octants when fur- 
niſhed for the back obſervation will take 
any angle under 180 degrees, and anſwer 
all the purpoſes of a ſemicircle. The ſex- 
tants are never furniſhed for the back ob- 
ſervation. and therefore take in no more 
than 120 degrees and that with difficulty, 
as the extreme reflections are very oblique 
and conſequently the field ſmall. They are 
beſides more cumberſome and heavier than 
the octants. It would be well therefore if 
thoſe who uſe this inſtrument would ac- 
cuſtom themſelves to take back as well as 
fore obſervations, and learn to examine and 
adjuſt their inſtrument for both purpoſes. * 
Very ſmall inſtruments (of ſeven or eight 
Inches radius) cannot well be fitted for the 


If we may gueſs by the drawing, (Phil. Tranſ. Nr. 420) 
in the firſt octants the little ſpeculum for the back obſervation 
was placed ſo near the index glaſs, that an altitude of the ſun 
(unleſs very high) could not be taken, the head of the ob- 

lerver being in the way. Seamen finding the back obſerva- 
tion frequently impracticable in the fir inſtruments, would 
naturally be prejudiced againſt it in all others; which I be- 
heve. is the chief reaſon why the back obſervation has been 
Jo much neglected. = 

back 
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back obſervation, and are 1 4 com- 
monly ſextants. Theſe are always made 
of braſs, and in fo ſmall a ſize are ſtrong 
enough without perpendicular bars. A braſs 
octant of twelve inches radius made thick 
will do without perpendicular bars, the nar- 
rowneſs of the ſhape making it ſtronger 
acroſs the plane than a ſextant. An octant 
of this ſize has juſt room enough to admit 
the glaſſes for the back obſervation. 


Deſcription of a reſlecting Octant. 

5. Figure 1 repreſents the octant furniſhed 
both for the fore and for the back obſerva- 
tion. A B and AB are the two ſides, 
DF is the arch or limb, MN is the move- 
able arm called ſometimes the Aldad but 
commonly the index; this turns on the 
center C and carries the index glaſs or great 
mirror J. The end I of the index ſhows 
the degrees and minutes upon the limb as 
will be explained hereafter. H i is the ho- 
rizon glaſs or little mirror for the fore ob- 
ſervation. H 2 is the horizon glaſs or little 
mirror for the back obſervation. O r is the 
ſight vane for the fore obſervation. O 2 
the fight vane for the back obſervation. 
L 1 is the place of the red glaſſes for the 
B 3 fore 


\ 


6 Descz1y71ON or An OcTANnT. 


fore obſervation ; theſe are removed to L 3 
for the back obſervation. 

6. The index glaſs I is put into a braſs 
frame and is drawn tight againſt an upright 
plane of braſs by two ſcrews e and F behind 
the frame. To the bottom of this. upright. 
plane is joined another braſs plane at right 
angles to it, by which the whole braſs work 
carrying the index glaſs is ſerewed down to 


: the index, 


7, This braſs work is ſcrewed to the 
index by three ſcrews behind the glaſs at C 
fig. 1, and again repreſented in fig. 2, Two 
of theſe @ and 6 draw the work down ta 
the index, the third e puſhes againſt the 
other two, Theſe ſcrews ſerye not only to 
faſten the braſs work but alſo to incline the 
index glaſs backwards or forwards in order 


to adjuſt it. 


8, Sometimes this braſs . is ſcrewed 
faſt to a circular plate of braſs which reſts 
upon two points placed underneath the ends 
of the index glaſs. The ſcrews c and 4 
(fig. 2) faſten this circular plate down up+ 
on thoſe points, and by drawing againſt 
each other, incline that plate and the glaſs 
upon it backwards and forwards in order to 


_ adjuſt it as before. 


9. The 
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into a braſs frame and kept tight by two 
ſmall ſcrews behind the man like * 
index glaſs, 


10. "The braſs work containing 5 hoci- 


gon glaſs is ſcrewed faſt to a circular plate 
of braſs by two ſcrews + 5 fig. 3 behind 
the glaſs. This circular plate reſts upon 
two points in another circular plate under- 
neath the former; theſe points are placed 
under the ends of the horizon glaſs. 

11. There are two adjuſting ſcrews 34, 
one before and one behind the glaſs, which 
dra the circular plate down upon the points. 
Theſe. adjuſting ſcrews by drawing againſt 
each other, ſerve to incline the glaſs back- 
wards and forwards in order to adjuſt it. 
12, Beſides the adjuſting ſcrews 55, the 
horizon glaſs has likewiſe an adjuſting lever 
by which it may be turned circularly round 
an axis perpendicular to the plane of the 
octant. This lever is uſually on the back- 
fide of the octant and has a contrivance to 
turn it flowly, and a button-ſcrew to fix it. 
In ſome inſtruments this glaſs is turned 
about by an endleſs ſcrew. 

13. The lower half only of the fore ho- 
rizon glaſs is ſilvered over, the upper half 
B 4 is 
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is left clear, through which, in making ob- 
ſervations, one of the objects is ſeen direct- 
ly; while. the other is ſeen by reflection 
from the lower half of the glaſs “ 

14. The back horizon glaſs is fixed in a 
frame in the fame manner and has the ſame 
adjuſting ſcrews and adjuſting lever as the 
fore horizon glaſs. It differs only in this, 
that it is ſilvered both at the top and bot- 
tom, and has a tranſparent ſlit acroſs the 
middle, through which one of the objects 
is ſeen directly while the other is ſeen by 
ed + 99 bs srelsd 99g 


4 . — 
15. The fore ſight vane is made in vari- 
ous ways. Generally, it is only a flat plate of 

® If the oftant was to be uſed for land objects only, it 
would be better if the upper half of the horizon glaſs was cut 
off. For though land objects may be ſeen through it, yet 

they appear much darker. The great uſe of this part of the 
horizon glaſs is in obſervations of the ſun, whoſe image is 
bright enough to be ſeen by reflection from this part though 
not ſilvered: and thus that reflected image can be made to 
. coincide exactly with other objects ſeen direly through the 
very ſame point of the glaſs. | 

+ I ſuppoſe the reaſon of thus leaving only a ſlit tranſ- 
parent, to be as follows. The eye (when a plain hole is uſed 
for the ſight) being very near the glaſs, a narrow ſlit is ſuffi- 
cient to give a large field for objects ſeen by direct viſion: 
the rematuing part of the glaſs both above and below is fil- 
vered, that the objects to be ſeen by reflection may be more 
eaſily found. This conſtruction however is inconvenient, 
eſpecially for land objefts when either a plain tube or tele. 
_ ſcope is uſed. This horizon glaſs ſhould undoubtedly be fil- 

vered juſt in the ſame manner as the other, 
braſs 
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braſs with two holes in it.. One hole is exaRtly 
over againſt the ſeparation: between the fil- 


vered and tranſparent part of the horizon 
glaſs ; the other hole is above the former 
and oppoſite to the middle of the tranſ⸗ 
parent part of the horizon glaſs. The lower 
hole is to be uſed in common caſes; the up- 
per hole when the object is ſo bright as to 
be ſeen by reflection from the unſilvered part 
of the glaſs. There are little n to 
cover the hole not in uſe. n or 
16. Inſtead of the vane with holes, ibn 
tube is frequently uſed to direct the ſight, 
and ſometimes a teleſcope. When a plain 
tube is uſed, its height ſhould be change- 
able: ſo that its axis may. be made to point 
either againſt the ſeparation between the ſil- 
vered and tranſparent part of the horizon 
glaſs, or elſe againſt the middle of the tranſ- 
parent part, which is neceſſary in taking 
the altitude of the ſun at fea. The tele» 
ſcope is always made to riſe and fall above 
and below the ſeparation of the filvered and 
tranſparent parts of the horizon glaſs, ſo as 
to take in more or leſs of the one. or the 
other. By this means either object (that 
ſeen directly or that by reflection) may be 
made to appear through the teleſcope more 
or 
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— leſs bright as circumſtances may require, 
This teleſcope is likewiſe furniſhed with 
— glaſſes in a braſs frame which ſlides 
acroſs the eye hole. This braſs frame con- 
tains two glaſſes whoſe inward faces are 
ſmoaked with the flame of a candle; one 
end lightly, and then gradually darker and 
darker to the other end. A frame of braſs 
is: interpoſed between the ſmoaked glaſſes 
to prevent their touching each other ſo as 
to rub off the ſoot. Theſe ſmoaked glaſſes 
are to he uſed in viewing the ſun when both 
its direct and reflected images are mim 
into; the teleſcope together. me | 
- - Bome inſtruments are furniſhed with a 
ahionp: kinds of fights, plain holes, a tube, 
anda: teleſcope, to be IR uſed in 
each others place. 

17. The back vane does not differ in its 
_conſtruſtion- from the fore vane. A tele- 
ſcope-is ſeldom applied in the back obſerva- 
tion, though proviſion might eaſily be made 
for applying the ſame teleſcope in the back 
obſervation that is uſed in the fore obſerva- 
tion, and it would be an improvement of the 
cont to do ſo. * | 


18. The 


2 may be remarked that in common octants the ſight 
} VAanecs 
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18. The two objects which coincide ara 
ſeen, the one by a ray paſſing through, the 
other by a ray reflected from the ſame point 
of the horizon glaſs to the eye; this ray is 
called the Viſual ray. When this ray is 
conſidered merely as a line drawn from the 
middle of the horizon glaſs to the eye-hole 
of the fight vane, it is then called the Ax1s 
or VISION, The axis of the teleſcope or 
tube uſed to direct the fight, coincides with, 

and is alſo conſidered as the Axis of Viſion. 
' 19. The red glaſſes (or as ſome call them, 
dark glaſſes,) are round glaſſes put into ſquare 
frames of braſs. Theſe glaſſes are not made 
faſt in their frames but may be turned about 
to adjuſt as will be ſhown hereafter. 'Their 
uſe is to make the object ſeen by reflection 
appear of a dark red colour, when it would 
otherwiſe be too bright, - One of theſo 
glaſſes is of a lighter, the other of a darkes 
colour; the former is to be uſed in taking 
diſtances of the moon from the ſtars in order 


vanes are made with holes only, and thoſe very ſmall Be- 
ing chiefly deſigned for taking the ſun's al at ſea, the 
brightneſs of the object makes og to find the refleted 
image in the 5 laſs, and ſmall holes are ſufficient — 
ſhow i it: but for land o * a ſhort tube is very 
take off the light of the ſky, which entering fidewiſe — 
a plain hole almoſt effaces 1* light coming from the object. 


to 
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to find the longitude at ſea, the latter in 
obſervations of the ſun. If the ſun is very 
bright both red glaſſes may be uſed toge- 
ther. Theſe glaſſes turn out of the "way 
in other obſervations. 

201 The limb DF i is divided into degrees 
and half degrees, every ten degrees of which 
is numbered, beginning from o at E and 


going towards the left hand to 94 or 95 


degrees. This part of the limb is called 
the quadrantul arch or internal arch. The 
part of the limb E P lying the contrary way 
from o is likewiſe divided into degrees and 
half degrees and is numbered from o at E 
the contrary way towards the right hand. 
This part E F is called the arch of exceſs or 
external arcb. The odd minutes are ſhown 
by a ſcale of divifions V on the index 
called en a Nous and ſometimes a 
ret . 

21. The middle Ae of this ſeale of di- 
viſions or Vernier, is diſtinguiſhed by being 
eber than the reſt; againſt this line is ſet o. 


0 This invention has been commonly attributed to Petru 
Nonizs, (or Pedro Nunzz) and it has accordingly born his 
name; but it was in reality the invention of Pierre Vernier 
2 Frenchman in 1631; and of late both French and Engliſh 
n have called it by his name. 
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The other diviſions are numbered, every 


five, from o to 15 on the right hand, and 
then beginning from the extreme diviſion 
on the left hand from 15 to o, thus: 

. ö eee 
22. The place of the middle line of the 
Vernier among the diviſions on the limb, 
ſhows the intire degrees and odd half degree 
(if any) ſubtended by the objects obſerved. 
The odd minutes (always under 30) are 
ſhown by the Vernier in manner following. 
Look among the ſtrokes on the Vernier for 
one that ſtands directly oppoſite to ſome 
ſtroke among the diviſions on the limb; 
that ſtroke numbered among the diviſions 
of the Vernier. ſhows the number of mi- 
nutes to be added to the intire degrees and 
half degree (if any) ſhown as aforeſaid on 
the limb. 

23. If the angle ſubtended by the objects 
is taken upon the arch of exceſs, ſo that 
the middle line of the Vernier falls between 
E and F, then in finding the odd minutes 
by the · Vernier, the numbers on the ſcale 
are to be read in a contrary order, juſt as 
if they had been figured thus, 


15 10 5 25 20 Is: 
or 


iy Dröenktrrto or A Ser An. 


or Which is the ſame thing, you may firſt 


read off the odd minutes in the uſual way, 


4nd then their complement to 30 will be 


the real number of minutes to be added to 
the degrees and half degree ſhown on the 
ute of exceſs. See alſo par. 27, 

24. What has been fa relates intirely 
4X6 the fore obſervation j in the back ob- 
ſervation, the angle ſubtended by the two 


*6bjeas is the ſupplement to 180 degrees of 


that ſhown” on the limb, and eſtimated by 
the figures * a as afore · 
Kid. 

25. In taking the ſun's altitude at ſea by 
the back obſervation, the two objects whoſe 
angle is determined are the ſun, and that 
-part of the horizon which is oppoſite to 
the fan : but the ſupplement of this angle, 
is that which is contained between the ſun 
and the part of the horizon under the fun; 


therefore in ſuch back obſervations at ſea, 


the numbers ſhown on the limb imme- 


' diately give the ſun's altitude, juſt as in 
the fore obſervation, ———In other caſes 


of the back obſervation the angle between 
the objects is had by ſubtracting the degrees 
and minutes ſhown (and eſtimated by the 
figures) 


, 1 
Mf 
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figures) on the limb, er as 
was ſaid before. * 
- 26. The index has a ſetting ſcrew on the 
backſide to fix it; nevertheleſs after the in- 
dex is thus ſet, it may yet be moved flowly 
backwards or forwards by the regulating 
ſcrew R, fig. 1, by which means the two 
objects may be nicely brought into contact. 
Some inſtruments have only a ſetting ſcrew 
and no regulating ſcrew, but this is 2 
defect. 

27. In ſome inſtruments the vernier is 
numbered in a manner different from that 
we have deſcribed. The figure 6 lands 

_ againſt the extreme diviſion at one end, 
commonly on the right hand, and the num- 
bers run regularly on to the other end, thus: 

go” 273-00" 0: IN 20 Gs 
but whenever the angle is taken on the arch 
of exceſs, theſe numbers muſt be read in. a 
contrary order, thus; 


To make the inſtrument have the 2 ſemblance 
of a ſemicircle, the numbers on the limb ſhould be returned 
back again from D to E, that is from go to 180 degrees. 
There ould likewiſe be another ſet of numbers on the Ver- 
nier in a contrary order: but as ſo many ſets of figures 
create confuſion, it is better to have one ſet of figures only 
rol uſual; to read off the degrees and minutes in the common 

, and take their — to 180 degrees in the back 
rvation. 
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o 5 10 15 20 25, 35 as was 
before directed. * 5 


28. The degrees on Pk limb are like- 
wiſe differently ſubdivided in different in- 


ſtruments; this will occaſion. a difference 
in the ſcale of the Vernier. When the de- 
grees are ſubdivided into three parts, each 
part contains 20 minutes, and the numbers 
on the Vernier run * to 20 not to 303 
thus; 10 15 5 103; or thus; 
20 15 10 5. 0. All the foregoing 
rules hold in this caſe. For inſtance, if the 
angle be taken on the arch of exceſs thoſe 
figures muſt be read thus; £ 
OE de OT OT | 
or in * latter caſe thus; 
F 

Otherwiſe the numbers may be read os as 


be o may be made to ſtand at eĩther end, and the num- 
hens to read either in the ſame order with the figures on the 

b, or in the contrary order. The length of the intire ſcale 
of the Vernier muſt be equal to as many of the leaſt parts 
into which the limb is a&ually divided, as are contained in 
the Vernier and one more in the latter caſe, but one leſs in the 
former. Thus where the limb is actually divided into half 
degrees, and the Vernier of courſe has 3o parts to racy, wu 
each half d into minutes; the length of thoſe arts 
of the Vernier, muſt be equal to 31 half f degrees on t e limb 
when'the figures on the Vernier are to be in an order contrary 
to thoſe on the limb; and to 29 half degrees when the figures 
- — 3 are to be in the /ame order with thoſe on 

Mb. 


F 4 they 
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they are engraved on the Vernier, and theit 
complement to 20 taken for the true num- 

ber of minutes to be added to the odd 20, 
or the odd 40 ſhown on the limb. 

29. In ſome inſtruments the index is {6 
made that the ſcale of the Vernier is in the 
ſame plane with the ſcale of degrees on the 
limbz in others the ſcale of the Vernier 
comes down to the limb with a ſlope or 
feathered edge. The coincidence of the 
ſtrokes may be more exactly ſeen when 
both ſcales are in one plane, provided the 
limb be wrought fo true that the edge of 
the Vernier makes a perfect joint with the 
limb in every part: But as this is ſcarce 
poſſible, the method of making the Vernier 
with a feathered edge ſeems preferable. 

In ſome inſtruments theindex moves under- 
neath the plane, that is on the back fide. 
This is very inconvenient ; for the inſtru- 
ment can never be laid down without dan- 
ger of diſturbing. the index; indeed good 
inſtruments are ſeldom made in this form. 

30. It is uſual to yarniſh all the braſs 


work of a bright gold colour; but it would 
be better if the frames that ſurround the 
glaſſes, and the parts on which they ſtand 

* e were 
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were yarniſhed with a dead black. The 
glare of the braſs-work. in the former caſe 
gives a falſe light which enters the. eye 


along with the light from the ober aud 
in a manner overcomes it. . 


Of a Support for the Oftant. 


31. Although that degree of ſteadineſs 
which is neceſſary in all other inſtruments 
is not required in this, yet a proper ſtand 
to ſupport the weight of it is very con- 
yenient, One of this ſort is deſcribed in 
the Aftronomical' obſervations made at Cam- 
bridge &c.* That ſtand is particularly de- 
figned for taking diſtances of the moon from 
the ſun or ſtars, or the diſtances of ſtars 
from each other. A far more ſimple ap- 
paratus will ſerve when the octant is to be 
uſed only to take angles between land ob- 
jects in making ſurveys. The part marked 
2RST in plate firſt of that work (and 
here in figure 4) is alone ſufficient for this 
purpoſe. The axis may be put thro 
the ſocket of the three- legged ſtaff made 
to ſupport a common T heodolite in the very 


. Printed for T. Cadel, Lads, : 
| | place 
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place of the long ſcrew that ſcrews the 
Theodolite down upon the ſocket. This 
apparatus may be taken away and the The- 
odolite put upon the ſocket occaſionally. 

32. Fig. 4. is the profile of an apparatus 
of this ſort made for a twelve inch octant. 
The axis V on which the octant ſwings 
is one intire piece of braſs, and is ſcrewed 
on the back fide of the octant. It ſhould 
be ſo placed as to paſs through the center 
of gravity of the whole inſtrument and be 
parallel to the axis of viſion belonging ta 
the fore horizon glaſs. 1 

Care ſhould be taken that the ſupports 
or braſs heads & & do not lie in the direction 
of the axis of viſion of the back horizon 
glaſs. For then theſe heads will intercept 
the direct view through the tranſparent part 
of that glaſs when the face of the octant is 
downwards: * for the octant may be placed 

on 


* It is to avoid this that the axis is made parallel to 
the axis of viſion of the fore, and not of the back horizon 
glaſs, nor in an intermediate direction. Another reaſon is, 
that notwithſtanding the axis / Y is not parallel to the axis 
of viſion of the a horizon glaſs, yet if the octant be made 
to vibrate about the axis the reflected image of any ob- 
ject ſeen in the back horizon glaſs will deſcribe an arch, the 
conyex ſide of which is turned towards thoſe objects whoſe 
angular diſtance from the given obje& exceeds that of its 
image. The advantage of this will be better underſtood 
hereafter, E An 
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en ſuch a ſupport with its face either up- 
wards or downwards, and thus the fainteſt 
of the two objects be always ſeen directly 
and the brighteſt by reflection. 

A ſmall addition to this work will make 
it a uſeful ſtand for the octant when ap- 
plied to the taking altitudes of the ſun 


or ſtars by reflection from the ſurface of a 
fluid. a 


Of the apparatus for taking altitudes by re- 
flettion from the ſurface of a fluid. 

33. It is neceſſary to ſkreen the ſurface 
of the fluid from the action of the wind by 
two planes of. glaſs ſet over the fluid fo as 
to be nearly perpendicular to the rays tranſ- 
mitted through them. Theſe planes are each 
three inches broad and four inches long, and 
are pinned in mahogony frames. The ſides 
and bottom of the frames are half an inch 
wide, the top one inch wide. The frames 
are joined together by hinges ſcrewed to the 
top. To the top of each frame is likewiſe 
ſcrewed a braſs arch, by which they can be ſet 


An oflant of leſs than 12 inches radius, cannot well be 
mounted in this manner, becauſe its center of gravity will 


fall too high, and the axis / paſs too near the ſighs 
Vanes. 


to 
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to any inclination between 180 and po degrees. 
The figures on the arch ſhow half the in- 
clination of the planes; therefore the planes 
muſt be ſet ſo that the index may point on 
the arch to the expected altitude. The 
perſpective view of theſe planes is given in 
Fig. 5. and the plan of the braſs arches in 
Fig: 6.“ Theſe braſs arches flip beſide 
each other and have each a long circular lit, 
through which paſſes a ſetting ſcrew. The 
profile of this ſcrew is ſeen in Fig. 7. On 
the infide of the head of the ſcrew is a 
Ready pin which goes through the lit of 
one of the arches and keeps the head from 
turning round. A ſmall part @ 6 of each 
arch returns at right angles to the plane of 
the other part, by which it is ſcrewed to 
the mahogony frame. 

34. Fig. 8 is the perſpective view of the 
reflecting box, and Fig. 9 is the profile to 
one fourth of the real ſize; the ſections of 
the planes are expreſſed by dotted lines but 
without their braſs arches; theſe ſections 
oF > x 4 6.7 9 a fat ar Gln, hd down 
are perſpective views: their principal lines were marked out 
mechanically, with an inftrument by which you may draw 
the perſpective view of any object with eaſe, expedition and 
accuracy. | 
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are marked by L E and L F, in fig. 9. 

The reflecting box is dove-tailed together 
at the corners A B and C D, but open every 
where elſe and without a bottom. It is 
four inches wide, that is juſt enough to ad- 
mit the planes which reſt upon the thin 
boards AE and CF. Theſe boards ſlide 
into grooves made in the fides of the box. 

The braſs pin MN fig. 8 keeps the top of 
the box from warping or flying out. The 
water trough pgrs is made of pewter; four 
inches long, three inches wide and two 
inches deep, and is blacked within. It has 
a cover which ſkreens about a quarter of an 
inch of the water next the ſides of the trough 
all round, to hide the irregular reflections 
made by air-bubbles which adhere to the 
ſides, There is another trough of wood 
of the ſame dimenſions to be uſed in the 
place of the former: this has a falſe bottom 
within halſ an inch of the top to hold 
quickſilver. When the altitude of the ſtar 
is very great, the trough may then be co- 


vered with one of the planes laid flat upon 


it; the mahogony frame being made to fit 
the top of the tough for that purge 
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35. The two ſurfaces of each glaſs plane 
ſhould be perfectly parallel, though a ſmall 


variation is of no conſequence ; partly be- 


cauauſe the rays paſs almoſt perpendicularly 


through them, and partly becauſe by turn- 
ing the planes, their refractions will have 
contrary effects and the errors will balance 
each other, as will be ſhown hereafter. 
The paralleliſm of theſe glaſs planes may 
be examined by the methods deſcribed in 
the following paragraphs. | 


C 4 THE 


THE METHOD OF EXAMINING 
THE GLASSES BELONGING TO 
Fi OCTANT. . 


All the glaſſes belonging to this inſtru- 
ment ſhould have their two ſurfaces perfect 
planes and exactly parallel to each other. 
36. To examine whether the two ſur- 
faces of any of the reflecting glaſſes are 
parallel, obſerve the image of ſome diſtant 
object reflected very obliquely from the 
glaſs; “ if that image appears ſingle it is a 
ſign that the two ſurfaces are parallel. + 
On the contrary, if the edges of the object 
thus ſeen by reflection appear to be ſepa» 
rated ſo as to make two images, the ſurfaces 
of the refleQing glaſs are then inclined to 


By diſtant objects we ſhall for the future underſtand fr 
and principally any object in the heavens, the ſun, moon, or 
ſtars. Secondly the ſea horizon. Thirdly land objects not 

leſs diſtant than a quarter of a mile ; but the more diſtant 
theſe are, the better. 

+ For the diſtance between the two images reflected by 
the two ſurfaces (when parallel) is twice the thickneſs of the 

laſs; neglecting the refractions between the ſurfaces which 
feſlen the diſtance between thoſe images. If the object be 
ſo far off that this diſtance ſubtends an angle leſs than a mi- 
nute, and is. conſequently inviſible, the two images will then 


appear as one. h 
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each other.“ This examination will be 
mare perfect if the reflected image be view- 
ed through a teleſcope magnifying eight or 
ten times. If the image then appears ſin- 
gle, its parts ſharp and well defined; it is 
a ſign that the reflecting glaſs is a good one 


indeed. Ts 

37. It may be proper to take notice of 
the reflected image of the ſun or moon 
when the index ſtands at go degrees, the 
reflection from the index glaſs being then 
the moſt oblique poſſible. If the. ſun's 


image then appears ſingle, it is a fign the 
glaſſes are good. ht 2 | | 

38. But the ſurfaces of the reflecting 
glaſſes ſhould not only be parallel but like- 
wiſe perfect planes. F To examine. this, 


If the ſurfaces either of the index glaſs or the horizon 
glaſs ſhould not be exactly parallel, but, when produced, 
interſe& each other, yet if theſe glaſſes are fo placed that 
this interſection is parallel to the plane of the inſtrument it 
will not occaſion any error in taking angles. For though 
there will be two images formed, yet theſe two images will 
be one below the other with reſpe& to the plane of the octant, 
and therefore each at the ſame angular diſtance from the ob- 
ject itſelf, 

+ The reflecting glaſſes are often diſtorted by the ſcrews 
which draw the brats frame tight againſt the glaſs and by 
that means preſs. the glaſs againſt the upright plane, See 
Pare 6 and 9. Sometimes the face of this plane, ſometimes 
he glaſſes themſelves cro/5-wind. In truth both this braſs 
work and the glaſſes themſelves are generally made much 

$00 thin to be capable of being wrought true, 
look 
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look ont for two diſtant objects: move the 
index till the reflected i image of one object 
coincides with the other object ſeen direct- 
ly; making them unite juſt at the ſeparation 
between the filvered and tranſparent part 
of the horizon glaſs. Turn now the octant 
about in its own plane, ſo as to make the 
united images move along the line of ſepa- 


ration in the horizon glaſs. If the images 


continue united, then the reflecting planes 
are flat; but if the image of one object 
either paſſes beyond or recedes from the 
other in the direction of the line of ſepara- 
tion in the horizon glaſs, (that is in the 


direction of the plane of the octant) the 


glaſſes are faulty. Any ſeparation of the 
images m a direftion perpendicular to the 
plane of the octant is of no conſequence. 
39. In this examination care muſt be 
taken to hold the octant exactly in a plane 
paſſing through the eye of the obſerver and 
the two objects, as will be more particu- 
larly infiſted upon hereafter. If either of 
the objects is bright enough to be ſeen by 
reflection from the tranſparent part of the 
horizon glaſs, its image may be brought to 
the upper part of the horizon glaſs by hold- 
1 ing 
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ing the octant out of the proper plane. 
The other object may likewiſe be ſeen at 
the ſame time through the upper part of 
the horizon glaſs: but though they were 
united before in the middle of the glaſs, 

they will not be united now in this upper 
part, not owing to any fault in the glaſſes 
but to the wrong poſition in which the 
octant is held. It requires experience in 
the management of the inſtrument to make 
this examination properly, ſo as not to miſ- 
take that for a fault in the glaſſes which is 
only a fault in the manner of e the 
octant. See ng 108, 


Of the Red Glaſſes. 


40. The examination of theſe glaſſes muſt 

be made when the ſun is on or near the 
meridian. Hold the octant nearly in a 
vertical plane and direct the ſight to ſome 
object- in the horizon under the ſun. Turn 
down the red glaſs and move the index till 
the reflected image of the ſun is in contact 
with the object ſeen directly. Fix now the 
index and turn the red glaſs round in its 
braſs cell: if this neither raiſes nor depreſſes 
the ſun's image, but it continues in contact 

with 
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with the object below as before, then the 
ſurfaces of the red glaſs are parallel, If 
turning this glaſs ſhould raiſe or depreſs the 
ſun's image, put the glaſs into that poſition 
which leaves the image in the middle be- 
tween the higheſt and loweſt points to which 
it ſhifts-it, ſo that the refraction may re- 
move the image of the ſun fidewiſe along 
the horizon in a direction perpendicular to 
the plane of the octant. In this poſition 
of the red glaſs, its refraction will not make 
the inſtrument falſe, * 

41. This examination is here directed to 
be made when the ſun is on the meridian, 
becauſe his diſtance from the object beneath 
does not vary ſenſibly at that time for ſeve- 
ral minutes: but it may be made at any 
other time, provided the plane of the octant 
be held in the plane of the hour circle paſſ- 
ing through the ſun, and the object to be 
ſeen directly be placed in the interſection 
of that circle with the horizon. 


If the two ſurfaces of the red glaſs be not exactly par- 
allel, the rays of light (in paſſing between the index and 
horizon glaſſes) will not be parallel before and after re- 
fraction at the red glaſs. But if the interſection of the ſur- 
faces of that glaſs, when produced, be parallel to the plane 
of the oftant, this want of paralleliſm in the rays will not 
occaſion any error in the angle obſerved; for the refraction 
of the glaſs will then be wholly perpendicular to the plane 
of the inſtrument. 

42. The 
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42. The ſame trial of the red glaſſes, 
eſpecially the faint one, may be made by 
the moon, by bringing her reflected image 
into contact with ſome fixed ſtar, lying 
nearly in a great circle drawn through the 
moon, at right angles to her courſe in the 
heavens. For the diſtance from ſuch a ſtar 
will not be ſenſibly varied for many minutes 
by the proper motion of the moon in her 
orbit, 


THE 


THE METHOD OF ADJUSTING 
© THE GLASSES AND OTHER 
- PARTS OF THE OCTANT. 


43. Before you begin to: adjuſt the poſi- 
tion of the glaſſes, you muſt firſt examine 
whether they are all faſt in their frames, if not 
you muſt fix them by the ſcrews behind. 
See par. 6and 9. But take care not to force 
theſe ſcrews ſo as to bend or break the glaſſes, 
See likewiſe that the braſs work in general 
is every where firm and faſt, that the ſeve- 
ral adjuſting ſcrews which act againſt each 
other are juſt tight and no more. 


To adjuſt the Index Glaſs. 


44. We ſhall begin with the index glaſs, 
Now to adjuſt the index glaſs is to ſet its 
plane perpendicular to the plane of the in- 
ſtrument. This is performed by means of 
two adjuſting tools made of braſs and re- 
preſented in perſpective, Fig. 10 and 11. 
One of theſe tools, Fig. 10, conſiſts of two 
planes joined at right angles to each other, 
| one 


a 
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one of which we ſhall call the horizontal 
plane, the other the vertical plane, from 
their poſitions when in uſe, In the verti- 
cal plane is a ſmall hole for the eye to look 
through. The other tool, Fig. 11, conſiſts 
of an horizontal plane like the former, at 
each end of which, and cloſe to one fide, 
is an upright pillar: between theſe two pil - 
lars is ſtretched horizontally a filver wire 
or white horſe-hair, exactly at the ſame 
height with the fight-hole of the other tool; 
ſo/that when the tools are ſet cloſe together 
and their vertical planes touch, the wire in 
one biſects the hole in the other. 

45. To adjuſt the index glaſs then, firſt 
take the fore - ſight vane clear off the octant, 
ſo that the index may paſs over the place 
of that vane. Set the former of theſe tools, 
Fig. 10, on the arch or limb, ſet the latter, 
Fig. 11, on the ſides of the octant as near 
the index glaſs as may be, but not upon 
the index itſelf. Turn now the index clear 
off the limb, fo that by looking through 
the hole in the former tool, Fig. 10, you 
may ſee that hole by reflection from the 
index glaſs; at the ſame time you are to ſee 
the wire of the other tool, Fig. 11, directly. 


2 If 
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If the reflected image of the hole you look 
through is biſected by the wire, then the 
index-glaſs is upright. If the hole appears 
above the wire, then the index-glaſs in- 
clines forward; contrariwiſe, if the hole ap- 
pears below the wire. In this caſe the ad- 
Juſting ſcrews (par. 7 and 8) muſt be the 
one releaſed the other tightened, till the hole 
ſeen by reflection is biſected by the wire. 
456. It may be proper to repeat this exa- 
mination, ſetting the tool, Fig. 10, that 
has the eye-hole, on a different part of the 
limb. If the plane of the inftrument is 
perfectly flat, the reflected hole will appear 
biſected by the wire wherever that tool is 
placed: but great preciſion in this parti- 
cular muſt not be expected, and indeed need 
not be required. 

47. In this adjuſtment take care always 
to releaſe one ſcrew before you ſet up the 
other that draws (or otherwiſe puſhes) 
againſt it, Likewiſe be ſure to leave all the 
adjuſting ſcrews tight, by ſcrewing them 
up if flack, fo that at laſt they may draw 
with a moderate force againſt each other, * 


To 
| ® Theſe adjuſting ſcrews ought to move very ys 
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To adjuſt the fore horizon glaſs. 
48. Two adjuſtments belong to the fore 
horizon glaſs; one to ſet it perpendicular to 
the plane of the octant, the other to make 
it agree with the diviſions on the limb. 
The former of theſe is done thus. TY 
The index-glaſs being firſt adjuſted as 
before, bring o on the Vernier exactly 
againſt o on the limb, that is ſet the index 
to the beginning of the divifions: + Hold 
now the plane of the octant parallel to the 
horizon; and obſerve the image of any di- 
ſtant object in the horizon at land, or at ſea 
the horizon itſelf. If the image ſeen by 
reflection is higher than the object itſelf ſeen 
directly, releaſe the fote ſctew mentioned 
par. 11, and ſet up the back ſcrew, and 
contrariwiſe if the image ſeen by reflection 
is loweſt, till both are of an equal height, 
fo that by ſhifting the index you can make | 
both images exactly agtee and appear. as 


otherwiſe it is impoſſible to ſeel how much they draw out 
each other. Their threads ought to be deep that the icrews 
may not be forced out, and fine that they may not releaſe 
themſelves ;—but they are commonly very ill made. 
I Some octants have a ſmall braſs button on the edge of 
the fide. If this be turned up, it will top the index juſt at 
the beginning of the diviſions. | 

D one 
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one object. In making this adjuſtment 
obſerve the caution before given par. 47. 

49. If the ſea horizon be uſed for this 
adjuſtment, hold the plane of the oftant 
parallel to the horizon as before, and ob- 
ſerve whether the two images of the hori- 
zon coincide. This will be known by re- 
marking whether the edge of the ſea, ſeen 
in the filvered part of the glaſs, joins in one 
| ſtraight line with the edge of the ſea ſeen 
through the tranſparent part of the glaſs. 
If the former appears either higher or lower 
than the latter, then the horizon glaſs muſt 
be adjuſted by the rule in the laſt para- 
graph, 

50. This adjuſtment may be made by 
means of the ſun, moon, or a ſtar, in which 
caſe the octant may be held perpendicular 
to the horizon. If the image ſeen by re- 
flection in that caſe appears on one ſide, 
to the right or left of the object ſeen direct- 
ly, then the horizon-glaſs wants to be ad- 
juſted. In whatever plane the octant be 
held, if the reflected image of the ſtar ap- 

pears above the direct image relatively to 
be plane 'of the oflant, then releaſe the fore 
ſcrew and tighten the back ſcrew, and con- 
trariwiſe. | If 
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If this adjuſtment be made by a ſtar, 
| flide the index backwards and forwards ; 
obſerve if the reflected image in its motion 
paſſes over, that is upon the direct image. 
If not, the horizon-glaſs muſt be adjuſted 
as before till it does, ſo that, by ſtopping 
the index in the proper place, both images 
may preciſely coincide, and the ſtar appeat 
as One. 9 
51. The other adjuſtment of the horizon 
glaſs is the ſetting it ſo that the index may 
ſhow upon the limb the true angle between 
the objects. This is by far the moſt im- 
portant of all the adjuſtments, and is often 
ſtyled emphatically adjuſting the inſtrument. 
This adjuſtment cannot always be done im- 
mediately before an obſervation, and if done 
ſome time before 1s liable to alter, fo that 
the moſt experienced obſervers adviſe us not 
to try at an exact adjuſtment, but to find 
the error occaſioned by the want of ſuch 
an adjuſtment, and allow for it in the cal- 
culation, We ſhall lay down both the 
method of adjuſting the octant perfectly, 
and of finding the error when this adjuſt- 
ment is not perfect, premifing that all the 
other adjuſtments of the glaſſes before men- 
D 2 tioned 
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tioned are to be made firſt, and as on 
as poſſible. 

$2. To adjuſt then the fore horizon glass, 
turn the index till o on the Vernier ſtands 
exactly againſt o on the limb, and fix the 
index there. * Direct now the ſight to the 
moon, a ſtar, or ſome diſtant object, and 
obſerve whether the image ſeen by reflec- 
tion coincides perfectly with the object it- 
ſelf ſeen directly, ſo as to form one appear- 
ance; if not, bring them into one by turn- 
ing the adjuſting lever belonging to the 
horizon glaſs, par. 12, and then fix the lever 
by the button-ſcrew. _ 

53- If the ſea horizon be uſed for this 
adjuſtment, then hold the octant in a verti- 
cal poſition, and obſerve whether the edge 
of the ſea, ſeen in the filvered part of the 
glaſs, joins in one ſtraight line with the edge 
of the ſea ſeen through the tranſparent part; 
if not, bring them into one ſtraight line 
by turning the adjuſting lever, then fix that 
lever as before and the octant is adjuſted. 


Some oftants have a ſmall braſs button on the edge of 
the fide. Turn this up and the index will ſtop againſt it Jon 
in the prey? place for this adjuſtment. 


J 


To 
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To find the Error of this adjuſtment, com- 
monly called the INDEX ERROR. 


54. Method 1. Turn the index about till 
the moon, a ſtar, or ſome diſtant object, as 
before, appear as one by the union of the 
reflected image with the object itſelf ſeen 
directly, then the number of minutes by 
which o on the Vernier differs from o on 
the limb is the error of the adjuſtment, or 
the index error. If o on the Vernier ſtands 
between o and go on the limb, that is on 
the quadrantal arch (ſee par. 20) then this 
error is to be ſubtracted from the angle 
ſhown on the limb by the index; but if © 
on the Vernier ſtands on the other fide of o 
on the limb, that is on the arch of exceſs, 
then the index error is to be added to the 
angle ſhown on the limb. 

55. To find the index error by the ſea 
horizon, hold the octant in a vertical poſi- 
tion as before, and turn the index till the 
edge of the ſea, ſeen in the filvered part 
of the horizon glaſs, joins exactly in one 
ſtraight line with the edge of the ſea ſeen 
through the tranſparent part, and the num- 


ber of minutes by which © on the Vernier 
D 3 differs 
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differs from o on the limb is the index error 
to be added or ſubtracted according to the 
rule juſt hefore laid down, par. 54. 

In reading off the minutes ſhown on the 
arch of exceſs, remember the caution in 
par. 23. | 
- 56. Method 2. Take the diameter of the 
ſan both on the quadrantal arch and arch 
of exceſs, half their difference is the index 
error. * This error 1s to be ſubtracted, 
if the diameter meaſured on the quadrantal 
arch exceeds the diameter meaſured on the 
arch of exceſs; if contrariwiſe, this error 
is to be added to the angle ſhown on the 
limb. In taking the ſun's diameter on the 
arch of exceſs remember the rule in par. 23, 
relative to reading off the odd minutes by 
the Vernier. 

It will be proper on this occaſion to uſe 
the teleſcope. Whether that or plain ſights 
are uſed, it will be neceſſary to apply a 
ſmoked glaſs to defend the eye from the rays 
of the ſun. 

The index error may be fad in like 
manner by taking the diſtance of two ſtars, 
or taking the diameter of any diſtant land 
alf their ſum is the ſun's true diameter, 

| object, 
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object, both on the quadrantal arch and arch 
of excels. | 1 
57. To prove any of theſe methods, ſet 
the index ſo as to ſhow the exact error found 
by that method; and to ſhow it upon the 
quadrantal arch if that error is to be ſub- 
tracted, but to ſhow it upon the arch of 
exceſs if that error is to be added, Then 
fix the index, and directing the fight to 
ſome diſtant object, take notice whether 
the direct and reflected images perfectly co- 
incide or not. If they do, the index error 
is truly determined; if not, it muſt be cor- 
tected by the methods before laid down. 
58. The horizon glaſs may likewiſe be 
adjuſted within doors by means of tuo near 
objects; but as in the diſtant ones a ſingle 
object is ſufficient, it will never be difficult 
to find one proper for this purpoſe abroad. 


To adjuſt the back horizon glaſs. 


Faq. The horizon glaſs for the back obſer- 
vation requires the ſame two adjuſtments as 
the fore horizon glaſs. The former of theſe, 
namely the ſetting it perpendicular to the 
plane of the inſtrument, is to be done in a 
manner like that directed for the fore hori- 

D 4 zon 
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zon glaſs, par. 48. Firſt take the fore-ſight 
vane clear off the octant, ſo that the index 
may paſs over the place of the vane. Hold 
the plane of the octant parallel to the hori- 
zon, and looking through the back vane 
(and through the tranſparent ſlit in the 
horizon glaſs) direct the ſight to ſome di- 
ſtant object in the horizon, Turn now the 
index clear off the limb till you ſee the image 
of the ſame object by refleQtion from the 
ſilvered part of the horizon glaſs, and make 
this image coincide as near as poſſible with 
the object itſelf ſeen directly. If by mov- 
ing the index you can make both image 
and object coincide perfectly, then the glaſs 
needs no adjuſtment of this fort; but if the 
reflected image ſtands a little ahove or a 
little below the object ſeen directly, then 
the glaſs wants to he adjuſted. Releaſe 
then one of the adjuſting ſcrews (par. 11 
and 14) and ſet up the other till both image 
and object are of an equal height, ſo that 
by ſhifting the index you can make them 
both agree and appear as one ſingle objec, 
Obſerve the caution before given, par. 47. 
This adjuſtment may likewiſe be made 
by the ſea horizon, or heavenly bodies, in 
| | a2 many 
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a manner ſo perfectly reſembling that de- 
ſcribed in par. 49 and 50, that e need not 
rępeat it. 

60. The other adjuſtment of the back 
horizon glaſs is the ſetting it ſo that the 
index may ſhow upon the limb the true 
angle between the objects. This js equally 
important with the correſponding adjuſt- 
ment of the other horizon glaſs, What was 
obſerved of that in par, 51 may be applied 
to this. As this adjuſtment of the back 
horizon glaſs is very important, and yet but 
little known, we ſhall be particular in de- 
ſcribing ſeveral methods of doing it both at 
land and ſea; and ſhall likewiſe ſhow how 
to find the index error when this adjuſtment 
is not perfect, 


Methods to be prattiſed at land. 


61. Method firſt. Look out for a part 
of the horizon that has two diſtant objects 
upon it, on two points of the compaſs either 
exactly oppoſite or nearly ſo. Turn the 
index till o on the Vernier ſtands exactly 
againſt o on the diviſions on the limb, and 
fix the index there. Hold now the plane 
of the octant level with its face upwards, 
| and, 
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and, directing the fight to one of theſe 
objects, look in the filvered part of the 
horizon glaſs for the reflected image of the 
other which is then behind you. If the 
direct and reflected objects do not exactly 
coincide, change your place, moving nearly 
at right angles to the line joining the two 
objects, till they do coincide. Invert now 
the octant, that is turn its face downwards, 
but hold its plane level. Direct the fight 
to the ſame object as before, and obſerve 
if the object behind you (ſeen by reflection) 
exactly coincides with that ſeen directly 
which is before you. If the two objects 
coincide, now the octant is inverted, as they 
did before, the horizon glaſs needs no ad- 
juſtment, If the objects do not coincide, 
turn the adjuſting lever till you bring the 
object ſeen by reflection half way towards 
that ſeen directly. Shift now your place a 
little, as before, till the objects again per- 
fectly coincide, the face of the octant being 
ſtill downwards. When by ſhifting your 
lace the objects are made to coincide in 
that poſition of the octant, then turn its face 
upwards as at firſt. If the objects now 
coincide alſo, the adjuſtment is perfect; if 
| not, 
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not, by means of the adjuſting lever, bring 
the object ſeen by reflection half way to- 
wards that ſeen directly, and repeat the 
whole proceſs as before. 

62, By diſtant objects, in this particular 
proceſs, are to be underſtood objects not 
more than four or five miles diſtant from 
the obſerver; otherwiſe. ſhifting his place, 
as before directed, will not make them co- 
incide. Nor ſhould theſe objects be nearer 
than half a mile: for then any little differ- 
ence in the way of holding the octant will 
alter the coincidence, even Wee the ob- 
ſerver ſtands on the ſame ſpot. * 

. 63. In all this proceſs the obſerver is 
conſtantly to keep his face towards one and 
the ſame object, which is always to be ſeen 
directly, and the other object always by re- 
flection. 

64. It will be convenient always to ob- 
ſerve with the left eye when the face of the 
octant is upwards, and with the right eye 
when the face of the octant is downwards. 


„Thie adjuſtment might be better made by very diſtant 
pbjeAs without changing 5 lace of the obſerver, 8 
the horizon was diſunguiſhed by ſuch a variety o 
that thoſe parts of it which ſeem to coincide at each change 
in the poſition of the octant, could always be aſcertained. 


The 
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The' contrary may be done, but there is 
danger leaſt the hair or wig of the obſerver 
ſhould hide the object to be ſeen by reflece 
tion, which lies behind him. 


Ta find the error of the adjuſtment or index 
error. 


** 5. Method Erf. Having found two di- 
ſtant objects in the horizon, “ nearly on 
oppoſite points of the compaſs, hold the 
octant level with its face upwards and direct 
the ſight to one of theſe objects, then turn 
the index till the other object (which is 
behind you and muſt therefore be ſeen by 
reflection) coincides with that ſeen directly, 
and mark the degrees and minutes ſhown 
on the limb. Turn now the face of the 
octant downwards, and, directing the ſight 
to the ſame object as before, move the index 
till the other object ſeen by reflection co- 
incides with that ſeen directly, and again 
mark the degrees and minutes ſhown on the 
limb. Half the difference of theſe two 
arches, thus ſhown on the limb, is the error 
of the adjuſtment. One of theſe arches 
will be a portion of the quadrantal arch, 


= The objects cannot be too far diſtant in this caſe. . 
| and 
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and the other a portion of the arch of ex- 
ceſs. In reading off this laſt arch obſerve 
the rule in par. 23. In every back obſerva · 
tion I ſuppoſe the angle between the objects 
to be eſtimated by the rule in par. 24; that 
is, the degrees and minutes contained in 
that angle are the ſupplement (to 180 de- 
grees) of the degrees and minutes ſhown 
on the limb, and eſtimated by the figures 
engraved thereon : But I ſuppoſe the ſmall , 
arch "aforeſaid to be read off in the uſual 
manner, by the figures on the limb. This 
premiſed, the error of the adjuſtment found 
as before is to be added to the angle be- 
tween the objects, when the portion of the 
quadrantal arch exceeds the portion of the 
arch of exceſs. If contrariwiſe, this index 
error is to be ſubtracted. 

66. To prove whether the index error 
has been rightly found, ſet the index to 
that number of degrees and minutes to 
which it amounts; but ſo as to ſhow it 
upon the quadrantal arch, if the larger of 
the two ſmall arches mentioned before, 
par. 65, was a portion of the quadrantal 
arch; otherwiſe ſet the index fo as to ſhow 
the index error on the arch of exe ſ, and 

fix 
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fix the index there. Then, by the method 
in par. 61, obſerve whether the ſame two 
diſtant objects, on oppofite points of the 
compaſs, coincide both in the direct and 
inverted poſitions of the octant; for they 
ought to do ſo, if the index error mw been 
„ determined. 


67. Method ſecond, for the adufine, 
| Find two diſtant objects nearly on oppoſite 


points of the compaſs, as before directed 
in par. 61.. Fix the index at o, then dire& 
the ſight to one of thoſe objects, and cauſe 
the reflected image of the other object to 
coincide with that ſeen directly, by chang- 
ing your place as was directed in par. 61. 
The objects being thus made to coincide, 
keep the face of the octant upwards, but 
turn yourſelf half round, ſo as to ſee that 
object directly which was before ſeen by 
reflection, and the other object by reflection 
which was before ſeen directly. If they 
now coineide again, the horizon glaſs is 
truly adjuſted ; if they do not coincide, 
turn the adjuſting lever to bring the object 
ſeen by reflection half way towards that ſeen 
directly. Proceed as in par. 61, only keep 
the octant conſtantly with its face upwards, 

and, 
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and, . inſtead of changing the poſition of 
the octant as there directed, change your 
own poſition by turning half round; In 
this method. it is beſt to obſerve conſtantly 
with the left eye. The nearneſs of the 
objects is of leſs conſequence in this than 
in the laſt method; it will be of none; if 
the directions for making this adjuſtment 
within doors be followed abroad. See par. 
925 | 
g 68. Method ſecond, for finding the index 
error. Having found two diſtant objects * 
nearly. on oppoſite points of the compaſs, 
dire& the ſight to one of them, and turn 
the index till the other which is behind you 
coincides with that which is ſeen directly, 
and mark the degrees and minutes ſhown 
on the limb. Keep the face of the oftant 
ſtill upwards, but turn yourſelf half round 
as before mentioned, par. 67. Direct the 
fight to the other object now before you, 
and turn the index till the two objects again 
coincide, and again mark the degrees and 
minutes ſhown on the limb. Half the dif- 
ference of theſe two arches is the error of 
the adjuſtment, and is to be added or ſub- 
* Here the objects cannot be too far diſtant. 
I trated 
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tracted according to the rules laid down I 
og latter end of par. 66: 

69. This may be proved by the eter in 
| pil 67, juſt as the fitſt method of finding the 
| Index error was proved by the firſt method 
of adjuſting the horizon glaſs iti par. 66: 

70. In the firſt method the fame object 
is conſtantly ſeen directly; and its oppoſite 
by reflection; which is a convenience when 
one object is bright and the other obſcure. 
In the ſecond method you avoid the trouble 
of holding the inſtrument with its face 
downward, and obſerving with it in an 
awkward poſition: 

71. You may rectify the horizon vaſt 
(or may find the index error) either by 
changing the poſition of the octant as in 
the firſt method, or by changing your own 
poſition as in the ſecond method; but not 
if you change both the poſition of the octant 
and alſo your own. For whatever objects 
coincide before both theſe changes are made, 
the ſame will coincide after, and that what- 
ever be the poſition of the horizon glaſs or 
index glaſs. 

72. Method third, for the adjuſtment; to be 
wed within doors, ** an horizontal ſtand 

5 | fix 
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fix two conical points, whoſe diſtance is 
exactly that between the centers of the 
index glaſs and horizon glaſs ; or, which is 
the ſame; the diſtance between the centers 
of the ſcrews that faſten the index glaſs 
and the horizon glaſs to the plane of the 
octant. The heads of theſe ſcrews appear 
on the back fide of the octant; in the cen- 
ter of theſe you may counterſink or turn 
conical holes to receive the points afore- 
ſaid. Provide two ſmall objects that can 
be eaſily ſeen, and that are well defined. 
A line and plummet hung againſt two op- 
poſite windows by day, or two candles by 
night, may do. Set the ſtand nearly in 
the line joining theſe two objects. Set o 
on the Vernier to o on the limb of the 
octant; fix the index, and then place the 
octant upon the two points on the ſtand, 
making them enter the conical holes in the 
heads of the ſcrews aforeſaid. Turn the 
ſtand about in its own place, till you ſee 
one of the objects by direct viſion through 
the unſilvered ſlit in the horizon glaſs; then 
look in the ſilvered part for the reflected 
image of the other object now behind you. 
If the direct and reflected objects do not 
Hot E co- 
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coincide, make them do fo, either by ſhift- 
ing the place of one of the objects, or by 
ſnifting the ſtand itſelf acroſs the line join- 
ing the objects. When the direct and re- 
flected images are thus made to coincide, 
then turn the octant half round, placing 
the ſcrew of the index glaſs upon the point 
which before ſupported the horizon glaſs ; 
and contrariwiſe. - See if the objects now 
coincide; if they do, the horizon glaſs: is 
truly adjuſted; if they do not, by means 
of the adjuſting lever bring the obje& ſeen 
by reflection half way towards that ſeen 
directly. Then move either one of the 
objects, or the ſtand itſelf, ſo as to make 
the two objects coincide- perfectly. Turn 
the octant again half round, placing it on 
the points as at firſt. See if the objects, 
viewed as before, again coincide; if not, 
repeat this operation till they do, and the 
horizon glaſs will be perfectly adjuſted. 
173. In making this adjuſtment care muſt 
be taken, rf, that the objects lie in the 
plane of the octant, and, if lines with a 
plummet are uſed, the plane of the octant 
ſhould be placed nearly level, otherwiſe the 
lines, when. ſeen by the octant, cannot be 
* = 4 = made 
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made to coincide perfectly, but will always 
ſeem to croſs each other, But ſecond, 

when the objects are within a few feet of 

the octant, particular care, muſt be taken 
that the reflections be always made from 
the middle of the glaſſes, eſpecially the re- 
flection from the index glaſs. To be ſure 
of this, cut a card to fit the inſide of the 
frame that holds the index glaſs ſo as to bed 
flat againſt it. Acroſs the middle of this 
card draw a black line, ſo that, when the 
card is applied cloſe to the index glaſs, this 
black line may be perpendicular to the plane 
of the octant. This line, when the card 
is ſo applied, may be ſeen by reflection from 
the horizon glaſs, It will be eaſy, by twiſt- 
ing the ſtand about and ſhifting the place 
of the eye, to make this black line and the 
object ſeen directly to coincide, and that in 
the very middle of the horizon glaſs. Take 
away the card, and then, if the image of 
the other object be made to coincide with 
that ſeen directly, it muſt be by reflection 
from the middle of each glaſs: other- 
wife a thread may be firtiched acfoſs 

the middle of the index glaſs, perpendi- 

eulur to the plane of the octant, and an- 

1 other 
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other thread in like manner acroſs the mid- 
dle of the horizon glaſs. By twiſting the 
ſtand round, and placing the eye properly, 
both objects may be made to coincide with 
each other, and with the threads in the 
middle of each glaſs; and then it will be 
of no conſequence how near the objects are 
to the octant. In this method it is beſt to 
obſerve with the left eye. 

74. If in the ſecond method by diltant 
objects, par. 67, the octant was to be placed 
on a ſtand in the manner here deſcribed, 
that adjuſtment would be more perfect, and 
the beſt of all the methods here laid down. 

75. Method third, for finding the index 
error, to be uſed within doors. Proceed juſt 
as before in par..72, only inſtead of turn - 
ing the adjuſting lever to make the object 
ſeen by reflection move half way towards 
that ſeen directly, turn the index itſelf. 
When the two objects are at laſt made to 
coincide in both poſitions of the oRant, 
the index will then ſhow on the limb the 
index error, which is to be added if this 
error be ſhown on the quadrantal arch, 
and ſubtracted if it be ſhown on the ack 
of excels. Sec the latter end of par. 65. 

76. Me- 
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56. Method fourth, for the adjuſtment. 
Look out for two objects that ſubtend an 
angle of 90 degrees, or near it; adjuſt the 
horizon glaſs for the fore obſervation by 
par. 52, and, looking through the fore- 
ſight vane at one of thoſe objects directly, 
turn the index till the reflected image of the 
other obje& coincides with it, and mark 
the degrees and minutes ſhown on the limb. 
Set the index to ſhow that number of de- 
grees and minutes by the back obſervation: 
that is, ſet the index fo as to ſhow, by the 
figures on the limb, the ſupplement of the 
number of degrees and minutes before 
ſhown in the fore obſervation, (ſee par. 24). 
Then, looking through the back-ſight vane, 
ſee if the ſame two objects coincide in the 
back horizon glaſs; if not, turn the ad- 
Juſting lever of this glaſs till they do co- 
incide, and then this glaſs alfo will be ad- 
juſted. | 1 | 

77. Method fourth, for finding the index 
error, Having found two objects that ſub- 
tend an angle of 90 degrees, or a few de- 
grees over or under as before, take the exact 
angle between theſe objects by the fore ob- 
eryatian, making due allowance for the 
E 3 index 
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index error according to par. 54 or 56. 
Again, take the angle between the ſame 
objects by the back obſervation, and the 
difference of theſe angles ſo taken is the 
index error in all back obſervations, and is 
to be added or ſubtracted as the angle taken 
by the fore obſervation (when properly cor- 
rected) is greater or leſs than the angle be- 
tween the ſame objects taken by the back 
obſervation. _ 

78. The laſt method ſuppoſes the whole 
oRant (or the extent of go degrees on the 
limb) to be an exact eighth part of a circle. 
The former methods of adjuſting the ho- 
rizon glaſs depend not at all on the diviſions 
on the limb, and the methods of finding the 
index error only ſuppoſe the diviſions to be 
true for a/ very ſmall extent on each _- | 
of the point from which they begin. 
the former methods the obſervations are 
made when the index is near o, where the 
field of the inſtrument is the greateſt, and 
the objects eaſieſt found; in this laſt method 
the obſervations are made when the index 
1s near 90 degrees, where the reflections are 
very oblique, and the field ſmall. It may 
be remarked too, that the object, which is 

ſeen 
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ſeen directly in the fore obſervation, will 
be ſeen by reflection in the back obſer- 
vation. This is an inconvenience, if both 
objects are not equally bright. By holding 
the octant with its face downwards in one 
of theſe obſervations, each object will be 
ſeen by the ſame means in both; but it is 
troubleſome to hold the octant in that po- 
ſition. WL I" 


The method of adjuſting the back horizon 
' glaſs, and of finding the error of tine 
adjuſtment at SEA. 


79. To adjuſt this glaſs, Set the index ſo 
as to ſhow, on the arch of exceſs, double 
the angle of the depreſſion or dip of the 
ſea horizon. Then holding the octant 
in a vertical plane, turn the adjuſting lever 
till the edge of the ſea, ſeen in the filvered 
part of the glaſs, coincides with the edge 
of the ſea ſeen through the tranſparent ſlit 
of the horizon glaſs. Fix the adjuſting lever 
in that place, and the octant is adjuſted. _ 

80. In this poſition of the octant, the 
object ſeen by reflection, which is behind 


| * See a table of the depreſſion or dip of the horizon of the 
ſea, among the tables belonging to the Nautical Ephemeris, 
publiſhed y order of the Commiſſioners of Longitude. 
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the obſerver, will appear to him to be bo- 
fore and inverted.” Thus in the preſent in- 
ſtance the water will appear above and the 
ſky below. If the two edges of the fea 
(that ſeen directly and that ſeen by re- 
flection) cannot be made to touch all along, 
but croſs each other, it is a fign that the 
octant is not held in a vertical plane. Its 
poſition muſt be altered, till the two edges 
of the ſea fo ſeen are parallel, and then the 
adjuſting lever will bring them to touch all 
along, 

81. If the index glaſs and horizon glaſs 
are too near each other, the head of the 
obſerver will be in the way. The beſt con- 
ſtruction of this octant will not allow the 
obſerver ta have his hat on, or any thing 
high ppon his head. 
82. To find the index error. Hold the 
octant in a vertical mich the index glaſs 
being uppermoſt as uſual. Turn the index 


till the two edges of the ſea (one ſeen di- 
realy. and the other by reflection) meet 
each other and touch all along; then mark 
the degrees and minutes ſhown by the index 
on the limb. Invert now the octant, ſo 
that the arch * be uppermoſt, but the 

index 
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index glaſs and center of the inſtrument 
loweſt; holding the arch with your left 
hand, and ſupporting the lower part of the 
octant with your right, yet ſo as not to touch 
or ſhade any of the glaſſes with your hand. 
Let the face of the octant be turned towards 
you, but keep the plane of the octant ver- 
tical. Incline now your head fidewiſe till 
you bring your right eye down to the fight 
vane, and, looking through it, move the 
index by the left hand, till the two edges 
of the ſea (that ſeen directly and that by 
reflection) agree as before, and again mark 
the degrees and minutes ſhown on the limb; 
half the difference of theſe two arches is 
the index error.“ The index error ſo 
found is to be added or ſubtracted corey 
to the directions in par. 65, 

83. That rule given in par. 65 holds good 
in taking diſtances between the heavenly 
bodies, or in taking angles between land 
objects; but in one ſort of obſervation, 
namely, taking the ſun's altitude by the back 
obſervation, the index error, found as before, 
follows a CORY rule. It is to be ſub- 


off One forth of the fom of theſe two arches is the dip 
of the ſea h orion · 
tracted 
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tracted from the ſun's altitude, When the 
pottion of the quadrantal arch exceeds. the 
portion of the arch of exceſs; if contrari- 
wiſe, this index error is to be added. The 
ſon of this is becauſe the figures engraved 
on the limb immediately ſhow. the ſun's al- 
titude in the back obſervation, juſt as * 
do in the fore obſervation. See par. 25. 
84. It may be of ſome uſe to ſuſpend the 
octant by a line tied round the arch. This 
line bearing the weight of the octant, it 
may be more eaſily guided into the proper 
poſition by the right hand, while the index 
is ſet by the left. If the obſerver chuſes 
to make uſe of his left eye rather than the 
right, then the back of the octant muſt be 
held towards him, and whatever was before 
directed to be done with the right hand 
muſt now be done with the leſt, and con- 
tratiwiſe. Foe" 
It muſt be confeſſed that this method of 
finding the index error is rather trouble- 
ſome. Poſſibly that before deſcribed, par. 75, 
may be put in practice on ſhipboard... If 
vo other way can be practiſed, the mariner 
may take the ſun's meridian altitude by the 
back obſervation immediately after he has 
P\; come 


compleated his fore obſervation for the lati+ 
tude, - When all the neceſſary corrections 
are made, except that for the index error 
| ſought, then compare the ſun's true altitude 
deduced from. the fore obſervation, with 
the like reſult from the back obſervations 
Their difference may be conſidered as ariſ- 
ing wholly from the wrong — of the 
back horizon glaſs, and may be applied 
accordingly to correct this latter obſervation 
of the ſun's altitude. This correction muſt 
be applied contrariwiſe in taking diſtances 
between the heavenly bodies, as was —_ 
| remarked, par. 84. 4 


To adjuſt the place of the 7 vanes, and 
| other parts of the oftant. _— 
85. We ſeldom find the fight vanes "ſet 
exactly in their true place. Their true place 
is that which gives the largeſt field. This 
depends. on, the placing of the index glafs 
-ypon the index, and the point of the limb 
from whence the diviſions take their begin- 
ning. We ſhall ſhow rf the method of 
finding the true place of each fight vane, 
ſuppoſing the index glaſs to be already fixed 
on the index, and tho point from whence 
the 
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the diviſions are to commence to be already 
marked upon the limb. Secondly, To find 
the point of the limb from whence the di- 
viſions ought to take their beginning, ſup- 
poſing the place of the vane determined, 
and the index glaſs fixed on the index. 
Thirdy, How to fix the index glafs properly 
upon the index, ſuppoſing the ſight vane 
already placed, and the point determined 
from' whence the diviſions are to begin. 

86. For the firſt, adjuſt the index glafs 
by par. 44. Set the index to the beginning 
of the diviſions. Find the place of the 
ſight vane nearly, which you will cafily do 
by moving the eye about till you can ſee 
ſome object by the double reflection. Ad- 
juſt now the horizon glaſs exactly by par. 49, 
52; then ſhift the fight vane till the center 
of the index glaſs is ſeen by reflection from 
the middle of the horizon glaſs, and that will 
be the true place of the ſight vane. 

87. You may uſe the adjuſting tool, 
fig. 10, ſee par. 44, by way of a moveable 
fight vane, and you may ſtretch threads 
acroſs the index and horizon glaſſes to di- 
ſtinguiſn their middle, as was propoſed 
4 73. But the beſt way is as follows. 

Firſt 
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Firſt turn the index to 9o degrees, ſo chat | 
the whole frame of the index glaſs may be 
ſen as an object by reflection from the 
horizon glaſs: then turn the index gradual- 
y back again, and at the ſame time ſhift 
the place of the ſight vane till the reflected 
image of the frame of the index glaſs juſt 
fills up the whole area of the horizon glaſs; 
the two ends of the frame of each glaſs 
apparently coinciding; and the ſight vane 
will then ſtand in its true place. 
be place of the fight vane for the back 
obſervation ought to be adjuſted very exact 
ly, becauſe the field is generally very ſmall. 
88. For the ſecond point propoſed, Turn 
the fore horizon glaſs by the adjuſting lever 
till the center of the index glaſs is ſeen 
through the fore-ſight vane, by reflection 
from the middle of the horizon glaſs, or 
till the reflected image of the frame of the 
index glaſs' can be made juſt to fill up the. 
area of the horizon glaſs as before. Turn 
now the index till the reflected image of 
ſome diſtant object coincides with that ob- 
ject itſelf as deſcribed in par. 52, and that 
will be the place of the index at the begin- 
ning of the diviſions. This found, the point 
R 
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from whence! the diviſions ought to com- 
mence may be eafily marked on the Iimb. 
This point might have been determined 
from the aſſumed place of the back-fight 
vane, but it is beſt to determine it from the 
place of the fore-fight vane, and then to find 
the place of the back-ſight Vane from this 
point lo determined. ; ada 
* 89. The common octants are, 1 believe, 
made by one workman, and then ſent to 
another to be graduated; perhaps without 
marking out where the divifions ſhould be- 
gin, If he who graduates the arch ſhould 
happen to begin at ſome diſtance from the 
proper point, (which depends upon what 
the former workman has done) half the 
field may be loſt When the index ſtands ar 
90 degrees. 

90. For the laſt point propoſed, let 4 pin 
upright i in the center of the index. Turn 
the fore horizon glaſs by the adjuſting lever 
till this pin is ſeen by reffection from the 
middle of the horizon glaſs. Set the index 
to the beginning of the diviſions; then, re- 
moving the pin, place the index glaſs upon 
the center of the index. Turn the index 
glals round that center upon the index till 

_ the 
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the reflected image of ſome diſtant obj e 
coincides with that object itſelf ſeen rectly 


as before; and that will be the true Ce 
ol the index glaſs upon the index. . N 
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91. The foregoing rules ſuppoſe ſome 
eircumſtances in the octant already deter- 
mined on which thoſe rules are founded. 
No very preciſe rules can be given for ſet- 
ting out an octant intirely from the begin- 
ning, but the general principles upon which 
it ought to be conſtructed may be laid down. 
Now one principle is, that very oblique re- 
flections from the mirrors ought to be 
av6ided. © For this reaſon the center of tie 
horizon- glaſs ſhould be placed, as neir as 
poſſible, in a line drawn through the c center 
of the index glaſs, and perpendicular to its 
ſurface when the index ſtands at the begin- 
ning of the diviſions. I fay as near as PN 
ble; for the horizon glaſs cannot be'placed 
in this very line. In ſuch a caſe” it would 
{tand between the index glaſs and the object 
which ſhould be ſeen by reflection, and ſo 
ſkreen this object from the ſight. The 
horizon glaſs itſelf ought not to be ſeen. by 

the 
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the. double reflection, and yet ſhould be 
ut juſt out of ſight. Accordingly, when 
index is turned a little way off the limb, 
the fore horizon glaſs ſhould be feen by its 
own reflection, but not while the index i is 
on the im 
92. The _ of the. fore backs. glaſs 


being. once determined, its poſition, and 


the poſition of its axis of viſion, follows 
of cgurſe. The former muſt be parallel 
ta the index glaſs when the index ſtands 

at the beginning of the diviſions : the lat- 
= namely the axis of viſion, will be found 
by ſuppoſing the line, joining the centers 


of the two glaſſes aforeſaid, to be a ray 
incident, on the horizon glaſs; for the re- 


flected ray is the axis of viſion, aggecably | 
to par, 18 and 86. % 

93. 'T o place the back horizon glas pro- 
perly is a critical buſineſs. Care muſt be 
taken that the. fore horizon glaſs does not 
intercept the rays paſſing between the index 
glaſs and back horizon glaſs; for which rea- 


n may be convenient ſo to place the index glaſs upon 
the index, that its plane continued, may cut the index 
The weight of the index, when turned 
the index glaſs, (par. 44.) will not 
of that glaſs to the plane of the 
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ſon this glaſs cannot ſtand in the line drawn 
through the centers of the other two glaſſes, 
but on one fide that line; And it muſt 
ſtand the ſame way from that line, that e 
on the limb ſtands from go; otherwiſe this 
(back) horizon glaſs would intercept the 
view of ſome of the objects which ſhould 
be ſeen by reflection in the fore horizon glaſs. 
The nearer the back horizon glaſs ſtands 
to that line, the more oblique will be the 
refleQions at this glaſs, and the leſs oblique 
the reflections at the index glaſs. The lat- 
ter is of moſt conſequence, becauſe of the 
great length of the index glaſs, neceſſary to 
take in a moderate field, when theſe re. 
flections are very oblique: therefore though 
the back horizon glaſs ſhould ſtand on one 
ſide the line before mentioned; to clear the 
fore horizon glaſs, yet it ſhould be but juſt 
clear of it. The back horizon glaſs muſt 
be fo far diſtant from the index glaſs that 
the head of the obſerver may not be in his 
own way; and no more: for the greater 
this diſtance the leſs will be the field. The 
back horizon glaſs always ſtands at right 
angles to the fore horizon glaſs, whence 
the poſition of its axis of viſion may be 

F deters 
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determined as before, par. 92, at the 
94. The foregoing rules being conſidered, 
the plan of a good octant will be found to 


I may not be amiſs to ſet down the following mathe- 
matical rules, omitting their demonſtration. | ts 
1. In the fore obſervation, the angle between the ray in- 
cident on the index glaſs and that ray after two reflectio 
3s double the inclination of the faces of the ſpeculums: an 
this is the angle ſhown on the limb, when the glaſſes are 
perfectly adjuſted. This is likewiſe the angle which the 
(doubly) reflefted image of any object makes with that ob- 
ject itſelf: and if that reſſected image coincides with ſome 
other object ſeen directly through the tranſparent part of the 
horizon glaſs; then this is the angle which the object ſeen 
by reflection and the object ſeen through the glaſs would ſub- 
tend to the naked eye, placed at the interſection of the in- 
cident ray with that ray after two refleftions. —— Theſe dif- 
* expreſſions of the ſame quantity are here noted onee 
* 2. In the back obſervation, the angle between the ray in- 
eident on the index glaſs and that ray after two reſlections is 
double the ſupplement (to 180 degrees) of the angle which 
the faces of the ſpeculums make with each other. And this 
* angle ſhown on the limb if it be read off by the rule 
ar. 24. ; 2 
| 4 The angle which the line, joining the centers of the 
index glaſs and fore horizon glaſs, makes with a perpendi- 
cular to the index glaſs, when the index ſtands att n- 
ning of the diviſions, is equal to the angle of incidence - 
the index glafs in that poſition ;. and this is the conſtant ang 
of incidence-on the fore horizon glaſs. „ dg. 
4. The angle of incidence on the index glaſs, when the 
index ſtands at go degrees, exceeds the former angle by 45 
degrees. 8 144. 
| 5 In the back obſervation, the angle of incidence on the 
| index glaſs is greater than the angle of incidence in the fore 
* obſervation (the index ſtandipg at the fame place) by the 
angle which the centers of the two leſſer mirrors ſebtend at 
the center of the great one. 8441 
6. The angle of incidence on the back horizon glaſs is 
- conſtantly the complement (to go degrees) of the ſum of the 
angle of incidence on the fore horizon glaſs, and the angle 


WHU 


- 


* 


Or cons Ter Au Octane, 67 
lie within narrow limits. The deſign firſt 
publiſhed in the Tranſactions, Nr. 420, and 
generally followed ever ſince, will ſcarce 
admit of any alterations. I have ſeen in- 
deed, in the hands of an optician, an octant, 
which, beſides the great moveable mirror, 
had two ſmall mirrors fixed in the middle 
of its plane. This was repreſented as a 
new invention, but it ſeemed not to differ 
eſſentially from the old one of Hadley's. 
The number of glaſſes in both inſtruments 
is the ſame. - The rays proceed in the very 
ſame manner relatively to the gluſſes, and the 
glaſſes ſtand in the very ſame poſition rela- 
tively to each other, though not to the parts. 
of which the inſtrument is eompoſed. This 
octant was much celebrated becauſe it would 
take an angle of 180 degrees; Hadley's does 
the ſame. Indeed Hadley ſeems to have 
underſtood the theory ſo perfectly, and to 
have conſulted practical convenience ſo fully, 
that further improvements in the conſtruc- 
tion of this inſtrument can hardly be ex- 


pected. 


which the centers of the two leſſer mirrots ſubtend at the 
center of the great one. n 
7. The —- which the two axes of viſion (for the fore 
and back obſervation) make with each other, is equal to that 
which the two lefler mirrors ſubtend at the center of the 


great one. 
F 2 95. It 
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95. It may be of ſome uſe to give here 
the proper diſtances between the ſeveral 
glaſſes, for any octant large enough to ad- 
mit of the back obſervation, and likewiſe 
the ſeveral angles 1 e at each mir- 


tor.“ 1 0 | I . 1 * 1 
lacks 
'Piſtance of the center of the i index glaſs from the 1 
center of the fore horizon glaſs 41 
Center of the index glaſs — the center of the 
back horizon glaſs nn —ʒZʒ— 6. 
The two horizon glaſſes from each other — 2 
Length of the index glaſs äk-wrr] 21 


ol the fore horizon glas ͤ⁊äũb! 1 * 


of the back horizon r e Iz. 
| 40 F D * 
Tbe vines which the two „ Balke, ſubtend 
at the index glaſs 12 FP 105 


Angle of incidence on the index glaſs in the fore 

.. obſervation, the index ſtanding at the beginning ; 
of the diviſions, Alſo the conſtant angle of in- 

1 on the fore horizon glas — 15 50 
le of incidence on the index glaſs in the fore , 

4 rain the index ſtanding at 9o degrees 60 30 
he former of theſe angles in the back obſervation 28 00 
he latter of theſe by. in the back obſervation 73 oo 

The conſtant angle of intidence on the back ho- 
Ker . oo 


Of the Motions of the „ Refleted Image: 


96. We ſhall here deſcribe the motions 
of the reflected image, while the octant is 
turned round ſome of the principal lines 
both perpendicular and parallel to its plane. 


. 'The angles of incidence are reckoned-from the perpen- 
£ | Ar. , | | 
N | 3 4 | 97. And 
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97. And firſt ſuppoſe the octant to be 


the two reflecting planes, which will be a 
line perpendicular to the plane of the in- 
ſtrument, and the inſtrument itſelf will 
then move in its own plane round that axis. 
In this caſe the reflected image of any ob- 
jet will be perfectly at reſt. Let this image 


coincide with any other object ſeen directly, 


and they will conſtantly ſtick together and 


turned round the common interſection of 


” 


be united notwithſtanding this motion of 


the octant; and that whether the object be 
near or diſtant, and whatever be the incli- 
nation of the reflecting planes to each other. 
This is the grand principle demonſtrated by 
Hadley, Phil. Tranſ. Nr. 420, Almoſt all 


other writers have only tranſcribed his paper 


word for word, * ; 
2 98. Se- 


* Smith's Optics. Obſervaciones Aſtronomicas &c. por 
D. Forge Juan y D. Antonio de Ulloa. 
two looking-glaſſes be joined together ſo as to form an 
acute angle, and an object be placed between them, a ſpee - 
tator will ſee a number of images of that object in each glaſs, 
all placed in the circumference of a cirele whoſe center is in 
the common ſe&ion of the two glaſſes, and whoſe radius js 
the diſtance of the object from that ſection. Theſe images 
are formed by an odd and an even number of refleQions alter- 
nately. Thus let the glaſs into which you look be called 4, 
and the other B; then the firſt image is formed by the re- 
flection of 1 rw The next image is formed by two re- 
flections, firſt from B and then from 4. The third image 


is formed by three refleRions ; _ from 4, then from — 
4 3 = 
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98. Secondly. Suppoſe the octant turned 

round ſome other axis parallel to the for- 
mer and therefore perpendicular to the plane 
of the inſtrument. In this caſe diſtant ob- 
jects, ſeen by reflection, will have no mo- 
tion at all; the refſected image of a near 
object will have a ſmall motion parallel to 
the plane of the octant, but will keep its 
poſition parallel to itſelf. Wan 
99. Let now the axis of motion be par- 
allel to the plane of the octant, and firſt 
ſuppoſe the axis of viſion to be the axis of 
motion. Then in the fore horizon glaſs if 
the reflected image of any object, whether 


aud then from A again, and ſo on. If now the two glaſſes, 
keeping their inelination, be turned round their common 
ſection as an axis; theſe images will alternately move and be 
at reſt. All the images formed by an odd number of reflec- 
tions will move round their common center with double the 
angular motion of the glaſſes, whilſt the images formed by 
an even number of reflections will remain perfectly fixed. 
This experiment is not only entertaining, but ſuggeſts an 
eaſy proof of the property of the oftant here mentioned. 
For when the number of reflections is even, the diſtance of 
any of thoſe images from the original object, meaſured alon 
the circumference of the circle in which oor all ſtand, is 
£qual to the arch (of ap circle) intercepted by the reflect - 


ing planes, multi ljed by the number of reflections. There- 


fore as the quantity of the intercepted arch is not chan 


by the common motion of the planes round their angular 
meeting, the diſtance of none of theſe images from the fixed 
pbje& will be altered, and conſequently they will all remain 
gr reſt; and among them, that formed by two refleQions 


» 7 of 4 
. 


near 


RDR 


that object being perfectly united in every 
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near or diſtant, be made to coincide with 


that object ſeen directly, it will eyer remain 


at reſt; the direct and reflected images of 


poſition of the octant. If the reflected 


image be ſeparated from the object by mov- 


ing the index, the image will then deſcribe 
a circle whoſe center is that object itſelf, 
and it will move the ſame way and with 
the ſame angular velocity that the octant 
does; but the reflected image will keep its 

poſition parallel to itſelf and to the original 


| object 


I0o. Hence, in the vibratory motion of 
the octant round the axis of viſion, the re- 
flected image will deſcribe an arch of a 
circle (to and fro) convex towards thoſe 
objects that lie at a greater angular diſtance 


from the original object than its reflected 


image does, that is ſuch as are further 
diſtant than the angle ſhown on the octant. * 
In this vibratory motion, the image keeps 
its poſition parallel to itſelf, and it croſſes 
the plane, paſſing through the axis of mo- 


tion and the object, at right angles, 


6 See the note on par: 93+ Nr 1, 
F 4 101. 
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101. In the back horizon glaſs, when tha 
index ſhows 180 degrees and the glaſſes 
make a right angle, if the octant be turned 
round the axis of viſion, the reflected images 
of the ſeveral objects behind you will de- 
ſcribe concentric circles round the axis of 
viſion, and the common center of theſe cir- 
cles will be that object before you, to which 
the axis of viſion is directed, or that point 
of the reflected image which coincides with 
this object. The whole reflected image 
therefore changes its poſition juſt as the ſails 
of a windmill do. The motion of this image 
is the ſame way with that of the octant, 
but has double its angular velocity. When 
the plane of the octant is horizontal, this 
reflected image is upright; when the octant 
has been turned round go degrees, fo as to 
come. into a vertical plane, the reflected 
image will then be turned round 180 de- 

grees, that is it will be inverted. 
102. If the index be removed from 180 
degrees (ſo as to increaſe the angle between 
the ſpeculums) and the octant be made to 
vibrate. about the axis of viſion, the reflected 
jmage will deſcribe the arch of à circle 
Fonvex t towards ſuch — as are further 


diſtant 


REeFLECTED IMAGE. 


„ 
diſtant from the original object than the 
angle: ſhown on the octant, reckoning that 
diſtance the ſame way that the image is 
removed from the object. The image in 
this caſe will continually change its poſition, 
and it will croſs at right angles a plane 
paſſing through the axis of motion and the 
e object. 

103. Let the octant be. made to vibrato | 
above) an axis a little inclined to this axis 
of viſion, but in the ſame plane as before; 
for inſtance, let it be made to vibrate about 
the axis of viſion belonging to the fore ho- 
rizon glaſs. Let the index ſtand at 180 
degrees as before, the reflected image, ſeen 
in the back horizon glaſs, will deſcribe an 
arch of a circle whoſe center will be that 
object to which the axis of motion is direct- 
ed. If the index ſtands at any other place, 
the reflected image will deſcribe an arch 
of a circle convex the ſame. way as de- 
ſcribed before, par. 102, In both theſe 
caſes the image changes its poſition as well 
as .its place. In theſe vibratory motions 
the angular velocity of the image depends 
on the place of the index. At go degrees 
it is nearly equal to that of the octant, at 
180 degrees nearly double. 
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tog. Let now the axis of motion be per- 
pendicular to the axis of viſion, but parallel 
to the plane of the octant, and let the index 
ſtand at o in the fore obſervation, that is 
at 180 in the back obſervation. Then in 
the fore horizon glaſs the reflected image 
will have no motion. In the back horizon 
glaſs the reflected image will turn round 
the axis of motion with double the angular 
velocity of the octant. In this laſt caſe 
the image will keep its poſition parallel 
to itſelf. Thus if the octant be held in a 
vertical plane, and the image of a ſteeple 
behind you be ſeen in the back horizon 
glaſs; then, if the octant be turned about 
the forementioned axis, that image will be 
carried round the horizon. The ſteeple will 
indeed appear inverted, according to par. 101, 
but will keep that poſition, and move par- 
allel to itſelf round the horizon. 

105. If the index ſtand at go degrees, and 
the octant be turned about the forementioned 
axis, the refleted image will be carried 
round that axis with the angular velocity 
of the octant, and the poſition of the image 
will likewiſe be changed with the ſame 
angular velocity, Thus let the plane of 


; ; the 
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the octant be held horizontal, and the 
index ſet at 90 degrees; let the octamt 
be turned round an axis parallel to the 
horizon, but perpendicular to the axis of 

viſion, Then the reflected image of a 
ſteeple, whether ſeen in the fore or back 
horizon glaſs, will be carried round the 
axis of motion, ſo that when the octant 
has deſcribed go degrees, and.is come into 
a vertical plane, the ſteeple will appear 
either in the Zenith or Nadir (according 
to the direction in which the octant is 
turned) but inſtead of being erect the 
ſteeple will appear parallel to the horizon. 
In intermediate places of the index the 
image will partake more or leſs of thoſe 
motions, which it has when the index is 
at either extremity of the arch. 

106. The ſeveral axes round which the 
octant is ſuppoſed to vibrate in the laſt 
ſeven paragraphs are all ſuppoſed to be 
parallel to the plane of the octant, but 
to paſs through the axis of viſion, inter- 
ſecting it at different angles. If, inſtead 
of this, we ſuppoſe the ſeveral axes of 
motion to lie in the plane of the octant 
itſelf, and to be reſpectively parallel to the 


_ I, 
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ſeveral axes of motion in the former caſe, 
then the apparent motion of the reflected 
image in each caſe will be the ſame as 
before, provided the original . be not 
0 near the octant. 


THE 


% A. 


THE APPLICATION OF THE 
o rAxr 0 SEVERAL PURPOSES, 


General rules in making _ 
_ Obſervations. n 


14 Direkten, how to hold the [x WY 
- "107. The beſt way of holding the octant 
is to ſupport its weight chiefly by the 
right hand, and to reſerve the left to govern 
the index. Place the thumb of the right 
hand againſt the edge of the octant, under 
the ſwelling part on which the fore; ſight 
vane ſtands, and extend your fingers acroſs 
the back of the octant ſo as to lay hold on 
the oppoſite edge, placing the fore finger 
above and the other fingers below the ſwell- 
ing part on which the fore horizon glaſs 
ſtands. Thus you may ſupport the inſtru- 
ment conveniently by the right hand only, 
eſpecially when in a vertical poſition. By 
reſting the thumb of the left hand againſt 
the ſide, or the fingers againſt the middle 
bar, you may draw the index either to or 
from you gradually; but if the index is 
| fur- 
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furniſhed with an adjuſting ferew-you-will 
be able to ſet it more exactly; ſtill more ſo 


if the oftant be fupported by a ſtand. In 
taking the diſtance of the moon from the 
ſun or. ſtars to find the itude at ſea, 
the weight of the inſtrument is frequently 
ſupported by a ſtaff, the bottom of which 
reſts on a belt, or in the waiſtcoat pocket 
of the obſerver. - At the top of this ſtaff is 
a ball and ſocket, upon which the inſtru- 
ment is fixed, and by means whereof it can 
be readily put into the * for ab- 
ſeming- | 

The \ foregeiog Sicadions relate to \ the 
Lore obſervations. You, muſt hold the in- 
Krument in like manner for the back ob- 
ſervation; only here you ſhould ſupport 
the inſtrument by the left hand, and * 
the index by the right. 


Of the proper plane i in which all obſervations 


are to be made. 


| 108. In all obſervations care muſt be 
taken to hold the octant in the proper plane, 
namely the plane which paſſes through the 
eye of the obſerver and the two objects; that 


ww, in aſtronomical obſervations, in the plane 
| 3 of 
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of a great circle ' paſſing through the two 
objects. It is not eaſy to know in all caſes 
when the octant is exactly in that plane. 
One neceflary caution is to make the union 
of the two objects (or, as we may more 
properly call it, the union of direct and 
reflected images) in the proper part of the 
horizon glaſs, and then, if a tube of con- 
ſiderable length be uſed to direct the ſight, 
the poſition of the octant cannot be very 
faulty. Now the union of the direct and 
reflected images in the horizon glaſs, ought 
to be made in a line parallel to the plane 
of the octant, but paſſing through that point 
of the glaſs to which the axis of the tube 
is directed. If a teleſcope be uſed, this 
union ſhould be made in a line drawn crofs 
the middle of the field parallel to the plane 
of the octant. And a teleſcope is of uſe 
not only to diſtinguiſh the contact or union 
of the images more perfectly, but likewiſe 
to find by the place of this union in the field, 
whether the octant be held in the n 

plane. | 
109. Such a ſtand as was mentioned in 
par. 31. is likewiſe of ſervice for this pur- 
pole. Let the plane of the octant be ſet 
per- 
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perpendicular to the axis 2,9 Fig. 4, add 
be-fixed by the ſcrews TT. Let the whole 
be turned round the axis Q if you then 
ſee both objects ſucceſſively through the tube 
or teleſcope by direct viſion, the octant muſt 
| _ courſe be in-the proper plane: | 
110. Making the octant vibrate round 
the axis of viſion (or any other axis parallel 
to it) affords a way of knowing when the 
| octant i is held properly, as will be In 
ange 2252 i 

111. Another method peculiar to. the 
be back obſervation, but very uſeful in taking 
Horizontal angles at land, is to obſerve 
"whether the part of the horizon ſeen by 
reflection coincides with, or is parallel to 
that part of the horizon which is ſeen di- 
tectly. If the two horizons croſs each 
other, the plane of the octant is not level. 
A ſimilar circumſtance, and equally uſeful 
at ſea, will be taken notice of in its * 


pPlwace. 


112. In order to judge of the importance 
of holding the octant in the proper plane, 
take off the fight-vane, place the eye either 
above or below its proper height (to which 
the 9 guides it) ſo as to look at 

the 
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the middle of the horizon glaſs in a direction 
6blique to the plane of the octant. By in- 
clining the octant, and moving the index, 
you may cauſe the images to be united in 

the middle of the horizon glaſs, notwith- 
ſtanding you look obliquely. Fix the index 
and note the angle. Put on the fight-vane, 
and, holding the octant in the proper plane, 
you will find the images will not now be 
united. Bring now the images together, 
and again note the angle, and you will find 
that the angle in the former caſe will ex- 
ceed the angle in the latter by many mi- 
nutes, in ſome caſes by a whole degree. 
The ſame may be done with the ſight-vane 
in its place, by looking obliquely upwards fo 
as to get the union of the images to the top 
of the horizon glaſs; provided one of the 
objects be bright enough to be ſeen by 
reflection from the tranſparent part of the 
horizon glaſs. 


Of the vibratory mation to be given to the 
| oftant at the time of obſervation. 

113. When the images are brought near- 

ly into contact, it is uſeful to ſwing the 

octant to and fro round the axis of viſion, 

. or 
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or 2 line parallel to it, If you bold 
the octant as before directed, par. 107, you | 
may ealily turn it abont between the fingers 
nd thumb of the right hand, By this 
means the reflected image will be made to 
vibrate backwards and forwards acroſs the 
plane of the inſtrument. It is often eafier 
to diſtinguiſh whether the images coincide 
in paſſing one another, than by bringing 
flew together while the octant is held 
ſteady. Thus in taking the diſtance of two 
ſtars, this motion of the reflected ftar will 
0 on the eye the impreſfion of a line 
of bright fire, which impreſſion will remain 
ſome time. It is eaſy to judge whether 
this line paſſes through or at a wy ance from 
the other ſtar ſeen directly. 
x 114. In taking diſtances of the ſun or 
moon . from the ſea horizon, from the ſtars, 
| or from each other, this vibratory motion 
of the reflected i image of the fun or moon 
ſerves to diſtinguiſh that part of their limb 
which is the neareſt or remoteſt from the 
other object: it is always the diftance of 
one of theſe two points which is to.be mea- 
fured. This will be further explained when 
we treat of theſe obſervations in particular. 
115. 


* 
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115. Laſtly, this vibratory motion is of 
| ſome uſe to find whether the octant be held 

in the proper plane. The traces of the 
arch, deſcribed by the reflected image in 
its vibratory motion; will temain in the 
mind even when the octant is at reſt, and 
this arch ought to be perpendicular to the 
plane of the octant, when it is in that po- 
fition in which the images appear united, 
or paſs by each other in their vibratory 
motion; 

116. In ſtrictneſs the two images cannot 
appear to coincide or be united perfectly, 
unleſs one of the objects be bright enough 
to be ſeen by reflection from the tranſparent 
part of the horizon glaſs, while the other 
object is ſeen direFly through the very ſame 
point of that glaſs. When this is not the 
caſe, all that can be done is to make the 
two images meet and as it were join at 
the ſeparation of the filvered and tranſpa- 
rent parts of the horizon glaſs. If the octant 
be turned about to and fro round the axis 
of viſion, ſo as to cauſe a vibratory motion 
of the reflected image, it will then be eaſy 
to judge whether the line, which that 
image deſcribes, would, if produced, go 

8 2 through 
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through the object ſeen by direct viſion, 
or paſs at a diſtance; _ 


Oe . at $ E 4 


To take the altitude 5 he fun at ſea 9 the 
fore obſervation. 


117. The ſun is generally bright enough 
to be ſeen by reflection from the unſilvered 
part of the horizon glaſs; uncover therefore 
the uppermoſt hole in the ſight-vane, or, 
if the octant is furniſhed either with a tube 
or a teleſcope, raiſe it ſo as to be oppoſite 
to the tranſparent part of the horizon glaſs; 
put likewiſe the red glaſſes into their pro- 
per place. Hold now the octant in a ver- 
tical poſition, and, turning yourſelf towards 
the ſun, direct the fight to that part of the 
ſea horizon which is under the ſun, Then 
begin to move the index from o on the 
limb till you ſee the red image of the ſun 
come down towards the horizon. If you 
meet with any difficulty in finding the (red) 
reflected image of the ſun, turn back the 

red 
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red glaſs, and the ſun's image will then be 
ſo bright that you cannot miſs it: when 
found, return the red glaſs into its proper 
' fituation, Having brought the ſun's image 
almoſt down to the horizon, then with 
your left hand ſwing the oftant backwards 
and forwards, turning it round the line 
paſſing between the fingers and thumb of 
the right hand, and the image of the ſun 
will ſeem to deſcribe the arch of a circle 
whoſe convex ſide is downwards. Move 
the index till the lower edge of the ſun's 
image juſt grazes upon the horizon, when 
it is at the loweſt point of the arch appa- 
rently deſcribed, and then ſtop the index. 
Read off the degrees and minutes ſhown 
by the index, and call this The obſerved al- 
titude, to which the followin 0 corrections 


muſt be applied. 


118. Firſt. The index error To be 
added or ſubtracted by the directions in 


Par. 54. 

119. Secondly, The dip of the ſea hori- 
zon——To be found in the tables belong- 
ing to the Nautical Ephemeris, page 14. * 
This is to be ſubtracted. 

2 Publiſhed by order of the Commiſſioners of Longitude. 
. "2 120. 


Py * 


— 


8 


120. Thirdly. The ſun's ſemidiameter 
 _— This is to be found in the third page 


belonging to every month in the Nautical 
Ephemeris, and is to be added. 

"Theſe three corrections properly made, 
you will have The apparent altitude of the 
ſun's center. To this apply two other cor- 

rections, viz. 
It» Fourthly. The rafattion. e be 
found in the aforeſaid tables, page 2, and 
is to be ſubtracted. 

122. Fi tbh. The ſun's pn Te 
be ſound in the additions to the Nautical 
Ephemeris for 772. page 37. ang 1 is to be 
added. | 
And thus you will have The TRUE 
ALTITUDE of the ſun's center (as ſeen 
from the center of the earth) from whence 
you may calculate either the hour of the 
day, or the latitude of the place. | 
123. When great nieety is not required, 
you may ſuppoſe the ſun's ſemidiameter 
to be always 16 minutes. And the laſt 
correction (viz. for the ſun's parallax) is 
fo ſmall chat it may generally be omit- 
ted, woes” Hh bats 
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25 tabs me aint. f the fin by the hack 
obſervation. 


| f 124. Having removed the red glaſſes i in- 
to their proper place, hold the octant in 

our left hand, and in a vertical poſition. 
Direct the ſight to the part of the horizon 
oppoſite to the ſun; then, applying your 
rigbt hand to the index, move the index 
' gradually from o, till you bring the red 
image of the ſun wp to the horizon, fo that 
the apparent lower edge may ſtand upon the 
horizon, * If you - now ſwing. the octant 
between the fingers and thumb of your left 
hand, the image of the ſun will deſcribe 
an arch of a circle whoſe convex fide is 
downwards. Move the index till the ap- 
parent lower edge of the ſun's image juſt 
grazes upon the horizon in the loweſt point 
of that arch, and then read off the degrees 
and minutes as before; ſee par. 25. Let 
this be called the obſerved altitude, to which 
apply the following corrections. 

125. Firſt. The index error To be 
added or ſubtracted cee to the di- 
rections in par. 83. | 


»The apparent lower edge is not the real lower edge. 
See par. $0 and 101, 
G 4 120, 
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126. Secondly. The dip of the horizon 
To be found as before, par. 1 19, but 
muſt now be added. _. 

127. Thirdh. The ſun's ſemidiameter 
— To be found as before, par. 120, but 
| muſt now be ſubtracted. 
"Theſe three corrections give the apparent 
altitude of the ſun's center, to which apply 
the other two corrections as before, par. 121 
and 122, and you will have the true altitude 
of the ſun's center. 
128. Inſtead of making the otant vibrate 
between the finger and thumb of the left 
hand, you may uſe this motion. Keep the 
octant ſteady in your hands, but turn your- 
ſelf round upon your heel; or rather, keep- 
ing your body upright, twiſt yourſelf from 
the right to the left, and back again, ſo as 
to turn the octant round a vertical axis. 
Obſerve whether the image of the ſun con- 
tinually touches the horizon during this 
motion. If it does, then the plane of the 
octant is held exactly vertical. If in that 
motion the ſun's image croſſes the horizon, 
the plane of the octant B not vertical, and 
you muſt ſhift its poſition till you can make 
oy limb of the ſun PARRY glide along 
| 6 the 
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the horizon, while you turn yourſelf round 
as before. 2 

Either of theſe motions Hr as a proof 
f that the octant 1S held in the proper po- 6 
ſition, Juſt at the very time when the index 
was ſet. The latter is * * re- 
commended. 


To take the altitude of the moon. 


129. The moon's altitude may be taken 
either by the fore or back obſervation ex- 
actly in the ſame manner as the ſun's alti- 
tude, only here you muſt bring that edge 
of the moon into contact with the horizon 
which is round and well defined, whether 
that be the upper or under edge. The cor- 
rections to be applied to the obſerved altitude 
are as follows: 

130. Firſt. The index error, To be ap- 
plied as before directed, par. 54. for the fore 
obſervation, and par. 83. for the back ob- 
ſervation. 

131. Secondly. The dip. To be found 
as before, par. 119, and ſubtracted in the 
fore obſervation, but added i in the back ob- 
ſervation. 

132. Thirdly. Semidiameter. To be found 


in 
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in the Nautical Ephemeris ſor every nooty 
and midnight at Greenwich, If very great 
accuracy is 1 this ſemidiameter muſt 
5 corrected for the intermediate time and 
for the altitude by the rule in page 1 52 
of the tables belonging to the Nautical 
Ephemeris. The ſemidiameter, ſo found, 
is to be added in the fore obſervation, and 
ſubtracted in the back obſervation, if the 
moon's a pparent lower limb was obſerved; 
that i is, i the lower edge of the moon's 
image, as ſeen by reflection in the octant 
(through plain fights) was brought into 
contact with the horizon; but if the upper 
edge (as! ſeen by reflection in the octant) was 
brought into contact with the horizon, then 
this ſemidiameter is to be ſubtracted i in the 
fore obſervation, and added in the back ob- 
ſervation : and thus you will haye the aþ- 
Parent altitude of the moon's center. 
133. Fourthly, Refraction. To be found 
and applied as before, par. 121. 
134. Fffibh. Parallax. The moon's Bo- 
rizontal parallax for every noon and mid- 
night at Greenwich is to be found in the 
Nautical Ephemeris. When nicety is 're- 
quired, this muſt be corrected for all inter- 
mediate times by the rule in page 152 of the 
| tables 
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tables belonging to the Ephemieris. The 
moon's" Bortrontal parallax being thus ob- 
rained,” the moon's parallax in altitude may 
be found therefrom by page 4 of the tables 
aforefaid, and is to be added. Otherwiſe 
in page 52 you will find a table which gives 
the correction both for refraction and paral- 


lax in one. This added to the e 
gives t the true altitude. a 


ad take the ame of a | far by the fore th: 

| y 8.2.91 ſervation. 3.4 
148, Set the index at o, and, holding 
the plane of the octant vertical, direct the 
fight to the ſtar, and at the ſame time look 
for the reflected image of the ſtar in the 
Glvered part of the horizon glaſs. Stir the 
index à little, which will ſeparate the re- 
flected image from the direct image; the 
former will be eaſily diſtinguiſhed from the 
latter by its motion when you ſtir the index. 
Continue to advance the index, and at the 
ſame time follow the reflected image of the 
ſtar with your eye, directing the fight lower 
and lower, and changing the poſition of the 
octant as the image of the ftar deſcends, 
till you have brought it down to the hori- 
zon: the index will then ſhow the obſerved 
altitude 
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altitude of the ſtar. It is neceſſary that you 
ſhould always keep. fight of the reflected 
image of the ſtar, that you may not miſ- 
take the reflected i image of ſome other ſtar 
for the image of that whoſe altitude you 
would.take, But if you know its altitude 
nearly, you may then ſet the index at firſt 
to that altitude, and, holding the octant 
vertical, direct the ſight to the part of the 
horizon juſt under the ſtar, and you will be 
fure to find its reflected image near the 
horizon. By moving the index a little you 
may bring it to touch the horizon ag be- 
fore. 

136. The correction to be opplica. to 
the obſeryed altitude of a ſtar are firſt the 
index error, as in par. 54. Secondly the dip, 
as in par. 119. Theſe two give the ap- 
parent altitude. T Birdy the refraction, as 
in par. 121, which gives the true altitude. 
The fixed ſtars have net ſeidiargter 
nor parallax, 


To rake 15 alt tude of a  flar by the back 00 
fervation. | 
1 an. In this caſe you — hooks the 


altitude nearly, « or it will be very difficult 
| to 
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to find the reflected image of the ſtar. 
This known; ſet the index to the ſuppoſed 
altitude; hold the octant vertical; direct the | 
. fight to the part of the horizon oppoſite 
to the ſtar. When you have found the re- 
flected image, bring it to touch the horizon 
by moving the index as before. | 

138. The altitude ſo obſerved muſt be 

corrected, firſt for the index error by par. 83. 
Secondly for the dip by ay 126. TOVay 
for refraction by par. 121. 

The ſea horizon, I believe, can rarely be 
ſeen at night, unleſs perhaps by the twi- 
light or moon-light, ſo that altitudes of the 
ſtars ſo obſeryed cannot be much relied on. 


To take the diſtance of the moon from the fun, 
in order to find the Longitude at ſea. - ' 
139. In the Nautical Ephemeris you have 
the central diſtances of the ſun and moon 

for every three hours of time at Greenwich 
on ſuch days as this method is practicable. 
From theſe diſtances in the Ephemeris you 
are to compute roughly the diſtance between 
their neareſt limbs at the time of obſerva- 
tion as directed in page 165 and 166 of the 
Ephemeris. If that diſtance be under go 
| degrees, 
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degrees; you muſt uſe the fore obſervation j 
i above 9o degrees, the back obſervation. 
140. The moon muſt be viewed directly 
through the unfilvered part of the horizon 
glaſs; but the ſun by reflection, and, if it 
be bright, by reflection from the unſilvered 
part of the glaſs. Hence if the ſun be to 
the left hand of the moon, the octant muſt 
be held with its face downward in the fore 
obſervation, but with its face upwards in the 
back obſervation. If the ſun be to the right 
band of the moon; the octant muſt be held 
with its face upwards in the fore obſervation; 
but downwards in the back obſervation. * 
One or both of the red glaſſes muſt be let 
down, as the ſan is more or leſs bright. 

- 241: Set the index to the diſtance between 
the neareſt limbs of the ſun and moon com- 
puted roughly as before, and, placing the 
face of the octant by the foregoing rules, 
direct the ſight to the moon. Then put 
the plane of the octant into the plane of the 


* When. an octant is furniſhed with a ball and ſocket, to 
be fixed either agaiuſt the face or the back of the octant, it 
may. then be held conveniently either "mays When that is 
not the caſe, it may be worth while to have a /e/t-handed 
: . made; that is, one in which all the are reverſed 
vn and left. Such-an one muſt be.held with the face 

when a common one is — with the face 


— 


great 
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great circle paſſing through the Jun and mini, 
according 40 par. 108: that is, put it into 
ſuch a poſition, that if you look along the 
ſurface, or rather edgewiſe againſt the oRtant; 
| it may ſeem to make a line paſſing through 
the ſun and moon. The knack of doing this 
is to be got by practice only. Swing now 
the octant between the finger and thumb. 
and the red image of the ſan will paſs by 
the moon to and fro, and fo near that you 
cannot miſs ſeeing it. Their neareſt edges 
muſt then be brought into exact contact. 
And here obſerve, rf, that the images of 
the ſun and moon muſt touch only at their 
external edges; the body of the ſun muſt 
not (in this vibratory motion) paſs over, or 
ever be upon the body of the moon, Se- 
condly, the edge of the ſun muſt touch the 
enlightened edge or round part of the moon, 
not the part from the ſun which is either 
hollow or gibbous, and always ill defined. * 
Theſe two cautions obſerved, move the index. 
till (by giving the octant a vibratory motion 


From new moon to the full, the enlightened edge of the 
moon is turned towards the Weſt. From the full moon to 
to the new, the enlightened edge is turned towards the Eaft. 
| N nth; whitn thin. whos. ts alt take 
contrary if it be viewed through a teleſcope that inverts the 
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as before) the edge of the ſun juſt bruſhes 
the edge of the moon as they paſs by each 
other. The index then ſhows on the limb 
the obſerved diſtance of the neareſt edges 
of the ſun and moon, to which ph the 
following corrections. 

142. First. n index error, as in par. 54 
and 6 $ 

143. Secondly. glmididmeter. The ſemi- 
diameter of the ſun for every fixth day, 
and of the moon for every noon and mid- 
night, at Greenwich, are to be found i in the 
Nautical Ephemeris ; . from whence their 
ſemidiameters at the time of obſervation are 
to be computed by the rule in page 152 
of the tables belonging to that Ephemeris. 
The ſum of theſe two ſemidiameters is to 
be added. 

. Theſe two cotrections, 1 . 
* the apparent diſtance of the centers 
of the ſun and moon. 971 

144. Thirdy. This apparent diſtance 
muſt be corrected for refraction and par- 


allax, and then you will have the REDUCED 
DISTANCE, or TRUE DISTANCE, of the 
centers of the fun and moon, as ſeen from the 
center of the earth. To make this laſt cor- 


rection, two ſets of tables, with directions 
how 


a 0 * | p * 
SY £ 3 : 
v P45 a _—— 
j 4 * 4 * 
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L 8 
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how to uſe them, are given among the tables 
belonging to the Nautical Ephemeris. The 
former ſet of tables (by Mr. Lyons) gives 
the correction for refraction and parallax 
ſeparately. The latter (by Mr. Dunthorne) 
gives both corrections in one. A ſet of rules 
for calculating this correction is given (by 
Mr. Witebell) in the Nautical Bphemeris 
for 1772. In this Ephemeris are likewiſe 
ſome corrections of the former tables, and 
additions to the directions before given, 
which ought not to be neglected. Laſtly 
a ſet of tables for finding this correction 
by inſpection only, is now in the preſs at 
Cambridge under the direction of one of 
the profeſſors of aſtronomy, — may be 
expected ſhortly by the public. - 
- 145. From the reduced diſtance ai | 
time of obſervation, the LONGITUDE 
of the place may be computed by'the rules 
'and tables * to the Nautical Ephe- 
meris. 


To take the ditance of the moon p uch ftars 
4 are ſelected in the Nautical Ephemeris, 
Ver finding the Longitude at ſea. 


146. The central diſtances of theſe ſtars 


(like thoſe of the ſun) are given in the 
H Nau- 
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Nautical Ephemeris for every three hours 
of time at Greenwich, from whence.. their 
diſtance from the enlightened edge of the 
moon may be roughly computed as before. 
None of theſe diſtances exceed go degrees, 
and therefore the IO jr _ is 

to be uſed: [nuts „ Carts c 

147. The lar muſt be viewed direatly 

through the tranſparent part of the horizon 
glaſs, but the moon by reflection: there- 
fore when the ſtar is to the left hand 
of the moon, the octant muſt be held with 
its face upwards; when the ſtar is to the 
right hand of the moon, the octant muſt 
be held with its face downwards. The 
fainter of the red glaſſes muſt be let down, 
. which ſo far takes off the glare of the moon, 
that the ſtar may be ſeen e upon her 
reflected image. 

148. Set the index to the didagoc of the 
far from the enlightened edge of the moon 
eomputed roughly as before, and, placing 
the face of the octant by the foregoing rules, 
direct the ſight to the ſtar. Then put the 
octant into the proper plane, ſo that, if ſeen 
edgewiſe, it may ſeem to make a line paſſ- 

ing through the moon and ſtar. Swing 
| | Eu 
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nom the octant between the finger and 
thumb of the right hand, and the red image 
of the moon will paſs by the ſtar to and fro, 
and ſo near that you will ſee it; and this is 
a proof that the ſight is directed to the right 
ſtar. The enlightened edge of the moon) 
(whether Eaſt or Weſt) muſt then be brought 
into contact with the ſtar by moving the 
index. * You will, know. this by the vi- 
bratory motion of the moon's image beſore 
mentioned. For the ſtar ſhould juſt graze 
the edge; without entering at all within the 
body of the moon. The index. will then 
ſhow: the ob/erved diſtance of the ſtar from 
the enlightened edge of the moon, to which 
apply the following corrections. | 

149. Firſt, Index error, as in par. 54. 

150. Secondly. Semidiameter of the moon. 
To be found in the Nautical Ephemeris for 
every noon and midnight at Greenwich, 
and from thence to be computed for the time 
of obſervation by the rule in page 1 52 of the 
tables belonging to that Ephemeris. After 
the new and before the full moon, this ſemi- 
diameter is to be ſubtracted if the ſtar be 
Eaſt, and added if the ſtar be Weſt of the 


, * See the note on par, 141. 
H 2 | moon, 


100 Orstrvarions AT SEA. 
moon. Aſter the full and before the new 
moon this ſemidiameter is to be added, 
if the ſtar be Eaſt, and — if the 
ſtar be Weſt of the mon. 
Theſe two corrections wer e apparent 
Afancs of the moon's center from the ſtar. 
151. Thirdly. This apparent diſtance muſt 
be corre&ed for refraction and parallax, in 
the ſame manner as the apparent diftance 
of the ſun was corrected par. 144. This 
will give the"redurced or true diſtance of the 
center of the moon from the ſtar, as feen 
from the center of the earth. 
From the reduced diſtance, and time of 
obſervation, the Longitude may be com- 
puted by the rules and tables n to 
the Nautical Ephemeris. 
152. It will ſave ſome trouble, and may 
ſerve the purpoſe of finding the reflected 
image of the ſun or moon in the horizon 
glaſs, if you only ſet the index to the cen- 
tral diſtance as ſet down (in the Ephemeris) 
for the neareſt three hours, without cor- 
recting it to the intermediate time by a 
rough computation, as before directed. 
153. If you have any doubt whether the 
9 be directed tothe proper ſtar, ſet the 
8. index 
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index to the ſuppoſed diſtance as before, 


and then find the reflected image of the 
moon in the horizon glaſs in the following 
manner. Having turned back the red glaſs, 
hold the octant in any plane paſſing through 
the moon, a vertical plane for inſtance, 
Move the octant in that plane (raiſing or 
lowering the fight) and you will be ſure to 
find the moon's image ſome where. Hav- 
ing once found the reflected image of the 
moon, then turn the octant round the inci- 
dent ray (continually changing the poſition 
of its plane) but ſo as ſtill to keep fight 
of the-moon in the horizon glaſs, and you 
will ſee, through the tranſparent part of it, 
all thoſe ſtars which have the diſtance ſhowa 
.by the index. The ſtar to be obſerved: will 
lie in a line nearly perpendicular to the horns 
of the moon or her longer axis. As the ſtar 
is always a bright one, and the circle in 
which it lies may be thus traced out, there 
will be no danger of miſtaking it. 


The directions before given (par. 139 and 


the following) hold exactly the ſame, whe- 
ther you uſe plain fights or a teleſcope. 

154. In theſe obſervations great care mult 

be taken to keep the octant in the proper 

H 3 plane, 
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plane, according to par. 168; In edmmon 
pants, where the back vane" Randi Hear 
the horizon glaſs, and has only à plain hole, 
it is not difficult to look fo obliquely as to 
make a difference in the obſerved diſtance 
of half a degree, or more; and almoſt as 
great a difference may be made in the fore 
obſervation, even though a tube or tele- 
ſcope directs the fight. The poſitions in 
which the inſtrument muſt be held, to 
make theſe obſervations for the Longitude, 
are ſo various, and ſome of them fo un- 
couth, that it may be many years before 
| ſeamen in general can take theſe diſtances 
as exactly as they do now take an alti- 
tude of the ſun. Nevertheleſs the great 
dexterity required in ſome arts daily exer- 
eiſed may convince" us, that there is no 
manual operation in which the utmoſt ac- 
'curacy may not at laſt be attained by con- 
ſtant practice. * In the Philoſoph, Tranſ- 
actions, Nr. 425, the inventor of this in- 
ſtrument gives a rule for finding the error 
oecaſioned by holding it out of the proper 
plane. Every ſuch rule requires a previous 


Nothing ſhows this more plainly than the aſtoniſbing 
degree of accuracy and perfection to which the art of play- 
ing ypon muſical inſtruments (of all ſorts) is now cartied. 


r know- 
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knowledge of the deviation. from that plane, 
which is not caſy to get exactly, eſpecially 
at ſea. It is better to truſt to the ſkill 
of the obſerver in holding it properly, and 

to ſuch a conſtruction of the inſtrument as 

will not permit an un{kilful perſon to ſee 
the object at all, in thoſe caſes where the 
error would 1 ny Wen 


Aronomical obſervations at LA ND. 


To obſerve the altitude of the ſun by reflection 
from water. 

155. The water muſt be ſheltered Gow | 
the action of the wind by the apparatus | 
deſcribed in par. 33. The water-trough 
'pqrs, Fig. 9. muſt be ſet upon the ground, 
or fome firm wall, with its fides nearly in 
the 'fun's azimuth, which will be known 
'by their caſting no ſhadow. 'The box, 
Fig. 8, muſt then be ſet over it, but ſo as 
not to touch the trough. The glaſs planes 
muſt be ſet to the expected angle, and 
then ** within the box ſo as to cover 
N H 4 the 


— — — — — 
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the trough.“ The eye muſt be defended 
with ſuch a ſmoaked glaſs as is mentioned 
in par. 16, and one of the light-red. glaſſes 
let down. By this means the image of the 
ſun reflected from the water will appear 
yellow, and the image reflected from the 
mirrors will appear red: this is of great uſe 
to diſtinguiſh them from each other. The 
fore obſervation muſt be uſed if the ſun's 
altitude be leſs than 45 degrees, but the 
back obſervation if that altitude be greater 
-than 45 degrees. IP ANN > 
1356. Hold now the octant in a vertical 

plane, and direct the ſight to the ſun's image 
in the water; then move the index till you 
ſee the other image reflected by the mirrors, 
which will be known by its red colour. 
If there ſhould be any difficulty in finding 
either image, put aſide the ſmoaked glaſs 
in one caſe, and the red glaſs in the other, 
and you will be ſure to ſee the ſun. When 
you have found both images, then, if you 
uſe a teleſcope, make them as diſtinct as 


The ſun's altitude at noon can always be gueſſed near 
enough to ſet the glaſs planes. At other times you may 
make a rough obſcryation firſt, to find the altitude nearly, 
and then repeat it with the planes ſet exact, Four or five 


degrees in the angle of the planes is of no conſequence, | 
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you cant = like wiſe raiſe or fall it, till both 
images are equally bright, See par. 16. 


17. All things thus prepared, move the 


index ſo as to bring the edges of the two 
images into contact, making the octant vi- 
brate a little to diſtinguiſh that contact more 
perfectly, as before directed. Obſerve now 
whether the red ſun or the yellow ſun; be 
uppermoſt: for the index will ſhow double 
the altitude of the ſun's upper limb, if the 
yellow image be uppermoſt; but double the 
altitude of the lower limb, if the red image 
be uppermoſt. .{ This is on a ſuppoſition 
that you uſe plain fights; the eontrary is 
the rule if you uſe a teleſcope that inverts. 

158. Having thus found the double alti- 
tude, apply to it the correction for the index 
error by the rules in par. 54 and 65, and 
half of this gives the obſerved altitude of the 
ſun's upper or lower limb, according as the 


yellow or red image was uppermoſt. Here 


remember to correct the double altitude for 
the index error before you halve it: if you 
will halve it firſt, then you muſt correct 


Both images cannot be perfectly diſtin, becauſe of the 
litference of their colour, but they will be very nearly ſo, 
the teleſcope does not magnify too much. 


| that 


| 
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chat half by applyiog only d the index 
error found. by the rules before mentioned. 

150. To this altitude you muſt apply the 
een for the ſun's ſemidiameter, to be 
found in the Nautical Ephemeris at the third 
page belonging to every month. This cor- 
rection is to be added if the altitude of the 
lower limb was obſerved, but ſubtracted if 
the upper limb was obſerved, and then you 
have the apparent altitude of the ſun's cen- 
ter. This being further corrected, for re- 
fraction and parallax, by the rules referred 
to in par. 121 and 122, you have the TRUE 

ALTITUDE of the ſun's center, from 
whence the Latitude of the place or hour 
of the day may be derived.“ 

160. If there be any ſuſpicion that the 
glaſs planes are not ground true, repeat the 
obſervation, but change their places, ſo that 
the plane which. before received the ſun's 
direct rays, ſhall now receive the rays re- 
flected from the water, and contrariwiſe; 
for the refraction of the planes will now 
have a contrary effect, and, if it before in- 
creaſed the obſerved altitude, will now di- 


* See an example of determining the Latitude by this in · 
ſtrument in the Phil. Tranſ. Vol. LIN page 239. 


5 miniſh 
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miniſh it. By thus changing the . poſition 


of the planes, and arguing from a number 


of obſervations, either the Latitude of the 
place or the hour of the day _ bs got 
very near the trum. 

16. If the octant be held in wn _ 
only, it will be neceſſary to reſt the arms 
on ſomewhat, and likewiſe” to ſet the limb 
of the octant on a ſupport; ſo that one hand 
may keep the octant in the ſun's azimuth 
(holding it as directed in par. 107) while 
the other governs the index, But all this 
trouble may be avoided by mounting the 
octant on a ſtand, as before ſuggeſted; and 
then the obſervation may be made with eaſe 
and accuracy. 


162. Some recommend treacle, or treacle 


diluted with water, to make the reflection. 


But if the fluid be fo thick and tenacious 


that its ſurface cannot be diſturbed by the 
wind, then there will be much uncertainty 
whether it be level; and if the liquor be fo 
much diluted as to put this out of doubt, 
then the leaſt breath of wind will raiſe tre- 
mors: ſo that glaſs planes, though expen- 
-five, are, I fear, neceſſary. 
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3 The proceſs is exactly the ſame ag 
before, only here you muſt uſe quickſilver, 
the reflection from water not being bright 
enough, unleſs for a few ſtars. of the firſt 
magnitude. The. quickfilver is very apt 
to colle& duſt, on its ſurface : it ſhould be 
ſtrained through a filk handkerchief- juſt 
before the obſervation. 

164. The double altitude of the ſtar 
muſt be firſt corrected for the index error 
by par. 54 or 65, and then halved. That 
half, being corrected for reſraction as before, 


par. 12 1, gives the true altitude. 


To obſerve correſponding altitudes of the ſun, 


165. This is one of the moſt uſeful ope- 
rations in practical aſtronomy. You may 
by this means examine the going of a clock, 
and determine its error without a meridian 
line. The exact time of any appearance 
in the heavens is always a capital circum- 
ſtance in aſtronomical obſervations. A me- 
thod of determining that time, without the 
apparatus of a fixed obſervatory, is there- 
fore very uſeful, eſpecially to thoſe who 


* g9 
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go abroad. | Correſponding altitudes are 
likewiſe” 'very uſeful in finding a meridian 
line, or adjuſtivg the poſition of a tranſit 
. teleſcope!” Theſe obſervations are not only 

uſeful but eaſy to make with almoſt any 
octant: for they require no rectification of 
the glaſſes, no accuracy in the diviſions on 
the limb, nor any great truth! in the plancs 
that ſhade the water. 

166. "Theſe altitudes" ſhould be obſerved 
lin our Latitude) at leaſt two hours diſtant 
from noon, and therefore the fore horizon 
glaſs is always to be uſed. The beſt time 
is when the ſun is on or near the Prime Ver. 
tical, that is, the Eaſt or Weſt points bf. the 
compaſs. 

167. Having vrebares all things in the 
morning as before mentioned, par. 155, di- 
rect the ſight (which we will here ſuppoſe 
to be the eee tube) to the ſun's image in 
the water. Move the index till you ſee the 
image reflected by the mirrors, or the red 
2 ere down this red ſun (by _y 


=s* 


N * If a traveller * with him chis octant, a ſmall tele- 

ſcope, and a portable time-piece (a ſpring clock for inſtance) 

time for a day or two only, he may make very uſe- 

ful obſervations, without more expenſive and cumberſome 
inſtruments. 
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the index) a little below the yellow ſun 
and fix the index by the ſetting ſcremw. 
168. Wait now till the upper limb of the 
red ſun, by riſing, juſt touches the lower limb 
of the yellow ſun, making the red image now 
and then vibrate acroſs the yellow one, to be 

of the contact of their neareſt edges. 
Then note the hour, minute, and ſecond, 
ſhown by the clock, either by calling to 
your aſſiſtant at the clock, at the inſtant 
you ſee the contact of the images, or by 
cauſing him to count the ſeconds aloud. 
169. Again wait till the red ſun, by 
riſing, juſt. covers the yellow ſun, which 
may be eaſily known as the images are of 
two colours, eſpecially if you now and then 
make the red image vibrate ſidewiſe as be- 
fore directed. Note the time by the clock 
as before. 

170. Laſtly wait till the SAR edge of the 
end ſun. juſt touches the upper edge of the 
yellow ſun; note the time by the clock, and 
you have finiſhed one /t of morning ob- 
ſervations. Enter theſe down in one co- 
lumn under the title of Eaftern Azimuth. 
Examine now the degrees and minutes 
ſhown by the index, and enter it at the 
9 head 
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head of wo whole, WC tide of double 
altitude. en 
171. * you . gs more BIN 
one wy obſervations in that day; then 
releaſe the index, and, ſetting it forward; 
repeat the former work, always remember- 
ing to lade the index fixed when the laſt ſet 
of morning obſervations is compleated. 
172. Near the correſponding time in the 
afternoon (at which you may make a rough 
gueſs) prepare the water apparatus as be- 
fore, par. 155, and be cateful to ſet the 
glaſs planes, that cover the water, in the 
ſame poſition as before in the morning; 
that is, turn the ſame plane towards the ſun 
as before. Take now the octant with the 
index yet fixed, and direct the fight to the 
ſun's image in the water, and you will find 
the red ſun uppermoſt, but may eaſily per- 
ceive it to ſink ſo as to approach the yellow 
ſun. Wait for the contact of the lower 
edge of the red ſun with the upper edge 
of the yellow one, and note the time ſhown 
by the clock as before. In like manner 
note the time of the coincidence of the 
two images, alſo the time of the contact 
of the upper edge of the red ſun with the 


lower 
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lower edge of the yellow one; and you have 

one compleat ſet (of the times) of cor - 

een altitudes of the ſun, . 
173. Releaſe now the index and ſet it 

a to the degree and minute at which 

it before ſtood during the ſet of morning 
obſervations preceding this luſt, and then 
you are prepared for the afternoon obſerva- 
tions correſponding to that ſet, and which 
come on next: carry theſe on as before, 
and ſo till every ſet is compleated. 

174. Enter the times of the afternoon 
odſertations in the-ſame line of your paper 
with the morning obſervations: to which 
they correſpond, but in a different column, 
under the title of Veſtern Azimuth. Thus 
when you begin in the morning enter the 
ſucceſſive times on the left hand, one below 
another, deſcending as you proceed. In the 

| afternoon. begin on the right hand of theſe 
at the bottom line, aſcending as you pro- 
.ceed; an example of which you may ſee 
in the Philoſophical Tranſactions, Vol, LIX, 
page 237, and Vol. LX, page 357. 

175. Take now the firſt pair of cor- 
reſponding times and add them together; 


halve their ſum, to which add fix hours, 
311 | and 
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ind it gives the time ef ſolar noon derived 
from this pair; therefore ſet it down on the 


fame line with this pair, but in another oo. 


lumm under the title of Meridian. Do the 
fame by, the other two pairs in the firſt ſets 
Take the mean d theſe: three times of ſolar 
noon, correct it for the change of the fun's 
declination between the morning and after- 
noon obſervations, & and you have the time, 
ſhown. by the clock at ſolar noon, [inferred 
from the firſt ſet of obſervations. In the 
fame manner may. that time be- inferfed 
from each ſeparate ſet. Take the meat of 
all the times thus found from each ſepafats 
ſet, and you will have the exaQ time 
ſhown by the clock at folar noon, that is, 
when the center of the ſun is upon the 
meridian. Look now in the Nautical Ephes 
meris for the equation of time, which you 


will find in the ſecond page belonging to 


every month. Add of ſubtract this from 
twelve hours (according to the title at the 


head of the column in the Ephemeris) and 


A table, giving this cortection for the Latitude of Lons 


don. and for * fix degrees of the _—_—_ _ 4 | 


the Aftronomical 


ſervations, &c. printed for 


table, from whence this correction may be 
for all Latitudes, is given in the Naugcal 


— 


FM N you 
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you have the true time of ſolar noon, or 
the time that would be ſhown: when the ſun 
is upon the meridian, by a clock that went 
perfectly right. Compare this with the time 
actually ſhown at the ſame inſtant by your 
own clock (found as before) and you will 
have its error at the ſolar e that * 
with great exactneſo. 

176. If the different ſets of cations, 
made on the ſame day, follow each other 
within an hour at the Equinoxes, or with- 
in two near the ſolſtices, you need not cor- 
rect each ſet ſeparately. It will be ſufficient 
to take one mean of the whole and correct 
that as before. 

177. If you uſe a ape that invents, 
the motions: of the ſun will be contrary to 
thoſe here deſcribed. - Thus the red ſun 
will fall ip the mag and. riſe in the-af- 
ternoon. 

178. 8 dtimadesof the prin- 
cipal ſtars may be taken in like manner by 
reflection from quickſilver. You may in 
the ſame night take ſeveral obſervations 
of ſome one capital {tar at different altitudes, 
removing the index for each obſervation ; ; 
or, which is better, DID the index always 
tor fixed, 
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fixe „ ad tale cotrefponding + N 
of di ferent ſtars as they arrive ſucceſſiyely at 
the fame altitude. No cofrection for change 
of declination ,is wanted in this caſe. The 
time of a ar $ paſſage over the meridian 
will be preciſely equidiſtant from the times 
of its attaining an equal altitude on the 
Eaſtern and Weſtern Arimuths. 2 


210 97 * 


of rating dftances of | the flars from each 
unn 21 other. | 
| 17 79. Diſtances of the planets or fixed kurs 
from each other may be eaſily taken by the 
octant, if mounted on ſuch s ſtand as 19 
deſcribed, in the Afronomical obſervations, 
&c. After the octant is got into the proper 
poſition (by the directions given in that book) 
ſet the index to o, and then direct the fight 
to the brighter of the two ſtars, Stir the 
index a little to get fight of the reflected 
image of that ſtar, Continue to advance 
the index, and at the ſame time follow 
that image with your eye, turning the oc- 
tant round the axis Q (plate firſt of that 
book) till the reflected image is arrived at 
the other ſtar, which you will ſee by direct 
riion. Make the two ſtars coincide, as 


I 2 redn 
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directed par. 113, and the index will ſhow 
on the limb their obſerved diſtanee. This 
proceſs v reſembles that more e de- 
ſcribed in par. 135. 

180. Diſtances ſo obſerved may be very 
uſeful to determine the orbit of A camet. 
The motion of comets is ſuch that they can 
ſeldom be ſeen on the meridian z and when 
they cannot this is the beſt way of deter- 

mining their places in the heavens... It were 
to be wiſhed that the uſe of this inſtrument 
in taking ſuch diſtances was every where 
known. The ſtay of. thoſe. extraordinary 
bodies in our regions is often ſo ſhort, that, 
if the ſky be unfavourable a few pights at 
our great obſervatories, we can learn no- 
thing ſatisfactory about them; thoſe who 
chance to ſee them at other places not 
| knowing how to aſcertain the circumſtances 
upon which the inveſtigation of their mo- 
tions muſt be founded. Theſe diſtances 
from the fixed ſtars muſt be corrected fot 
index error and refraction. The obſerver 
muſt carefully note the former; aſtronomers 
will ſupply the latter, if either the altitude 
of the ſtars or the hour of the night be 
known, Thoſe who would calculate the 

3 effect 


4 
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effect of refraction upon the diſtance, may 
conſult the tables belonging fo the Nautical 
ONE page 19. | COR 
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The uſe of the octant in county furveys. 
181. The octant is of ſome uſe in taking 
the angles between diſtant objects on the 
horizon. Dark objects againſt a bright ſky, 
or bright objects againſt a dark ſky, are 

eaſily diſtinguiſhed even by the naked eye, 
and the coincidence of their images in the 


octant may be well aſcertained. But objects 


below the horizon can hardly be ſeen at all 
in the octant, eſpecially if ſmall or diſtant. 
The objects ſeen directly loſe much of their 
light by its being tranſmitted through the 
upper part of the horizon glaſs, which had 
better be cut off, as was before obſerved, 
Par. 133. 
182. It is proper to take the dance of 
every object from two or three others, and 
likewiſe the diſtances of theſe Iaſt mutually. 
I 3 Thus 
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Thus take the diſtance of A from B and C, 
then the diſtance of B from C and D: &c, 
Thus the obſervations will check « each other, 
Not that the ſum of the diſtances of ſeveral 
intermediate objects will always be equal to 
the diſtance of the extremes; or that the 
ſum of the angles taken round the horizon 
will always make 360 degrees. This is not 
to be expected, be the obſervations ever ſo 
2 unleſs the objects all ſtood in one 
Yet the method before mentioned 
1 a . check againſt grols errors, and 
articularly againſt miſtakes in reading off 
the angles. Theſe diſtances need no other 
correction but for index error. If indeed 
ou could take the elevation or depreſſion 
of eyery object, you might further correct 
the obſervations on that account, but it 
would greatly increaſe the work, and this 
correction for diſtant objects i is ſo. ſal] that 
It may well be omitted. 
I 18} 3; Although the oftapt will not babe 
angles between diſtant objects with all the 
accuracy that Aſtronomers require, yet it 
does the work of a common ſurvey mode- 
ately well, and very expeditiouſly. And 
if a more exact ro was to be taken, 
with 
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with a better inſtrument, yet even then the 
octant would be of great uſe to make a rough 
ſurvey firſt, in order to judge where the 
principal lations ſhould be fixed. There 
ought to be five or fix of theſe ſtations 'in 
every good ſurvey, ſo choſen as to be every 
one in fight of all the reſt, and ſuch that 
you: may command any part of the county 
from (at leaſt) two of them. The places 
of theſe principal ſtations may be laid down 
by a larger inſtrument furniſhed with tele- 
ſcopic ſights. The octant may then do 
very well for inſerting villages and places 
of leſſer note, whoſe diſtances will proba- 


bly be near ſome or other of the e a 


ſtations. 

184. It is often uſeful in theſe ſurveys 
to continue a right line quite through a 
county. To do this, we muſt determine 


where a line, drawn from a given point in 


the horizon through the eye of the ſurveyor, 
will again cut the horizon. This is no 
other than to ſet off an angle of 180 de- 
grees from a given object. Set the index 
to 180 degrees (according to the back ob- 
ſervation par. 24) and applying the eye to 
the back vane direct the ſight to the given 

I 4 object. 


| 
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object. Note what point of the horizon, 
ſen by reflection, coincides with the pro- 
poſed object ſeen directly, for that is the 
point where the line again cuts the horizon, 
Qtherwiſe you may direct the ſight to the 
part of the horizon nearly oppoſite to the 
given object, and then obſerve what point 
ſeen directly coincides with that object now 
ſeen by reflection. One or other of theſe 
methods is preferable as the propoſed ob- 
ject, or the part of the horizon oppoſite 
to it, is more or leſs bright. # By this 
means you may trace a meridian line thro' 
g county, or even through a kingdom, as 
has been done in France and Italy; and 
though this inſtrument will not determine 
that line very exactly, yet it is exceeding 
uſeful to find by this means what eminences 
it paſſes over, that you may know where 
to convey more expenſive inſtruments, whoſe 
ende 580 : | 

is fifineſs a line drawn from the object ſeen by re- 
flection to the center of the index glaſs, is in this caſe par- 


allel to a line drawn from the object ſeen directly _ 

center of the horizon glaſs, or through the eye of the 
obſerver. Theſe two' lines therefore do not make one and 
the ſame line continued; but as their perpendicular diſtance 


can never be more than five or fix inches, in theſe ſurveys 


** may — went as one —_ ſame line. An = 
of five or fix inches, in the courſe of a ling 15 or 20 miles 
ANKLES © }50r208 

J ſize 
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fize and delicacy does not admit of their 
being carried about without trouble and 


danger. + * 


— 


8 
know when he is in the line joining two 


diſtant objects. In county ſurveys it is 
often difficult to know what a very diſtant 


object is, eſpecially if it be ſeen only juſt 


above ſome intermediate eminence... The 
only ſure way to aſcertain a place ſo ſeen is 
to go to that intermediate eminence, from 
whence yon may view that place at a much 
nearer diſtance, and in the direct line: for 
unleſs you ſee it in the ſame direction, the 
appearance will be ſo much changed that it 
may not be known. Here then a method 
of finding when you are exactly in that line 
is of great uſe, When therefore you- are 
near the intermediate place, ſet the index 
of the octant to 180 degrees as before; 
direct the ſight to any object you ſuppoſe 
may be that ſought, and obſerve whether 
it now coincides with your former ſtation 
ſeen by reflection: if not, change your place 
till it does, and then you are in the line 
joining your former ſtation and the object. 
Otherwiſe you may direct the ſight to your 
former ſation and obſerve the diſtant object 


by 
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by reflection, juſt as one or the other is 
more eaſily diſcerned, 2 48 a 


+ The we of the elan in furvezing land. 

86. Theſe ſurveys are ſometimes carried 
on by taking angles, ſometimes by-meaſure- 
ment only. The beſt ſurveyors uſe both 
methods as a check upon each other. The 
octant will take theſe angles more expedi- 
tiouſly. and with far leſs trouble than a 


© The oftant will do this bufineſs very well, but I found 
it uſeful to have a much lighter and ſmaller inſtrument made 
for this purpoſe only: one that may be carried in the pocket, 
and uſed on horſeback. Mine (which may be called a back- 
liner) is a ſquare tube, 14 inches in the fide, 8+ inches long, 
and weighs half a pound. . n 

In taking angles from Bardor hill in Leicgſlenſpire I ſaw 
ſome very diſtant land, juft peeping over (Cannock) Cant 
heath in Staffordſpire, Cant heath is 25 miles diſtant from 
Bardon: the land over it could be ſeen only by the light of the 
ſetting ſun almoſt behind it, nor then but by the aſſiſtance 
of a good teleſcope that magnified 20 times, Here then 
this inftrument was of great uſe to find the part of Cank heath 
over which the line paſſed that joined the ſation at Bardon 
and the object ſeen over the heath. In ſeeking this place 
it was eaſy to ſee on horſeback when you approached and 
when you paſſed beyond this line. The place ſought, over 
which the Fae —— — 4 be a part of Cant heath near 
Style-Copſe, about half way between Cant and Litchfield. 
From A. place the object — be plainly ſeen. It = on 
the ſame appearance, and was well known in that country 
to be the reien in Shropſhire. - AIP? 

'Blirdon is by eſtimation 50 miles diſtant from the Wreken, 
which. I believe is as far as any to objects can be ſeen from 
each other in England. | 
At Bards, the Mrelen lies to the right of Lirchſeld; the 
angle between them is three degrees, as near as it could be 
gueſſed from the field of the teleſcope. 


— 


3 
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Theodolite, becauſe that inſtrument requires 
ſteadineſs: but then theſe angles will be 
taken in the ſeveral planes in which the 
objects lie, and not reduced to an horizon- 
| tal plane as in the Theodolite. If the 
ground be very uneyen, this may occaſion 
errors in plotting the lordſhip, and conſe- 
quently in the meaſurement taken from 
ſuch a plot. The ſeveral (elevations and 
depreſſions might indeed be taken, and the 
angles reduced by calculation to the horizon- 


tal plane, but this correction greatly increaſes 
the work. N 


187. Beſides the W correc- 
tions, another may be neceſſary if the ob- 
jects are very near, For the octant ſhows 
on the limb the angle which a ray, drawn 
from the reflected object through the center 
of the index glaſs, makes with a ray drawn 
from the other object through the centet 
of the horizon glaſs, or, which is the ſame, 
through the ſight-vane. * Now the eye is 
always placed at the fight-vane: therefore 
when the former of thoſe lines interſects 
the latter juſt at the ſight - vane, then the 
octant ſhows the exact angle which the 

F, See the note at the end of par. 93s Nr Ir. 
objects 
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objects would ſubtend to the eye ſo placed, 
were the inſtrament removed. 917 the inter- 
ſection of thoſe lines falls elſewhere, there 
will be a difference between the angle ſhown 
on the limb and that which the objects ſub- 
tend to the naked eye. This difference is 
ſeldom worth conſidering, however the rule 
for finding the correction | neceſſary on that 
account is in the Aſtronomical obſervations, 
bco. par. 105. That rule relates to fore ob- 
ſervations only; a ſimilar correction ſhould 
be made in back obſervations, the rule for 
which may be eaſily derived from what is 
there laid down. 1 
188. When a ſurvey is Asse by wenſiire- 
ment only, it is uſual to mark out a right 
line near every boundary fence; to this line 
perpendiculars are let fall from every bend 
in the fence. Such a line is called a fation 
line, each end of it a flation, at which is 
placed a flation-flaff. The perpendiculars 
are called Fete, and are meaſured with 
an ret fat. The diſtances of the ſeveral 
points where the off-ſets cut the ſtation line 
(reckoned from the firſt ſtation) are all 
meaſured with the chain. A line being 


then drawn upon paper to repreſent the 
3 ſtation 
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ſation line, the ſeveral perpendiculars are 
{ct off at their proper diſtances, by a plattingy, 
Neolt. Join the extremities of all theſe pet» 
pendiculars, and you will have a plan of the 
| * ſimilar ta the real one. And thus | 
a whole Lordſhip may be platted, | Jed 44 
189. In theſe ſurveys it is uſeful. to run 
a line through the middle of the Lardſhip,. 
and perhaps another acroſa it, and then to. 
take off-ſets from thoſe lines to any remark 
able points, eſpecially in the fene that 
bounds the whole. . This keeps the map 
of the whole in its juſt form. For though 
the ſeveral encloſures may be ſeparately laid 
down near enough to aſcertain the quantity 
of acres they contain, yet, if ſmall. errors 
be committed in the ſorm of each, when, 
the whole is ſet together, error will be 
heaped upon error, and the whole will by 
no means reſemble the true ſhape; of w 
Lordſhip... | 

190. 80 many off · ſets — neceſſary, — 
method of taking them readily. is valuable. 
Nothing can do it more expeditiouſiy than 
this octant. Adjuſt the inſtrument and ſet, 
the index to 9o degrees; let the ſurveyor 
walk along the ſtation- line with the octant 

TT. | in 
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m his hand, always directing the ſight to 
the” further ſtation-ſtaff: let his aſſiſtant 
Walk along the boundary- line. Then, if 
che ſurveyor would make an off. ſet from a 
given point in the ſtation-line, let him ſtop 
at that place and wait till he fees his al. 
fiſtant by reflection in the octant, and the 
afſiſtant is then at the point in the bound- 
ary through which that'off-ſet paſſes. On 
the other hand, if the ſurveyor would take 
an öff⸗ſet from à given point or bend in 
the boundary, let 155 aſſiſtant ſtop at that 
place, and let the ſurveyor walk on in the 
ſtation-line till he ſees his affiſtant by re- 
flection in the octant, and that will be the 
point where an off-ſet * the propoſed 
point or bend will fall. ' 

191. If you would have theſe points · de- 
termined with great precifion, then upon 
the plane of the octant draw a line from 
the fight-vane through the middle of the 
horizon glafs. From the center of the in- 
dex glaſs draw another line, cutting the 
former. at right angles. Mark their inter- 
ome and drill a fmall hole through it.“ 


* A * ng foul be ain tpn the maker 
for the ſake of this hole. by 


From 


| 
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From this hole ſaſpend a pointed plummet; 
bring this over the ſtation-line, and it will 
detetmine the place of the off- ſet to a quir= 
ter of an inch. The octant in this caſe 
| ſhould be placed on the ſtand deſeribed 
par. 31; the plumb-line will fall clear of 
the head of the ſtand. If you would make 
an off«ſet from a given point in the ſtation- 
line, ſet up a ſpiked ſtaff in that point; 
place this hole in the octant on the top of 
the ſpike; then, directing the fight along 
the ſtation- line, you will ſee by reflection 
the point in the boundary- line where the 
off. ſet cuts it. In ſome circumſtances it 
may be neceſſary to turn the face of the 
octant downwards, but this is no inconve- 
nience if you uſe a ſtand. By this means 
you may make off. ſets (that is, erect per- | 
pendiculars to a given line) in a garden, or 
even in an houſe, with ſufficient exactneſs 
for the purpoſes of building. i 
192. Theſe off-ſet lines are Ge 26 
we ſaid, at right angles to the ſtation- line. 
But in ſome caſes it may be neceſſary to 


draw a line to anſwer the purpoſe of an off- 
ſet, which ſhall make ſome other given 
angle with the ſtation-line, In this caſe 
| you 
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Jou have nothing to do but to ſet the index 
to the propoſed angle, and proceed as before. 
The line on the ſurface of che octant, paſſ- 
lag, through the center of the index glaſs, 
mult now be drawn ſo as to interſect the 
other line (pafſing through 3 
and horizon glaſs) in the given angle; and 
then that interſection will determine the 
angular point through which the hole muſt 
be drilled + pedagogy e. 
ſet as before. 


” take the 44% 47 4 det 4 ae 


en 26> Vila x WE 4k water. A418 
193 · Tbe ee the.glevadion. of the 
building may be taken by the octant in a 
way mach reſembling that . deſcribed in 
par. 1656. The water-trough muſt Rand, on 
the ground, and the box be ſet over it ſo 
as not to touch the trough. The glaſs planes 
muſt be ſet to the expected angle, and put 
within the box ſo as to cover the trough. 
Hold now the octant in à vertical plane, 
direct the ſight to the, image in the water, 
and move the index till you ſee the other 
image reſſected by the mirrors. Theſe 
images will be known from each other 


by their poſition; the image refleced by 
the 
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the water will be- inverted, that by the 
mirrors erect, if you uſe plain fights; the 
contrary if you uſe a teleſcope that inverts. 

194. Having found both images, bring 
their extremities into contact, making the 
octant vibrate as before to aſcertain this 
contact; the index will then ſhow the dou- 
dle elevation of the building above the ſur- 
face of the water, or double the angle it 
makes with the horizon ſuppoſing the eye 
placed at the point of reflection from the 
water. This angle muſt be corrected for 
the index error before you halve it. 

19 5. The octant ſhould be held as near 
the water as may be to leſſen another error 
we are going to conſider. For if the ob- 
ject be ſo near that the two points of re- 
flection (that from the water, and that from 
the index glaſs) cannot be conſidered as one, 
a further correction will be neceſſaty. Eſti- 
mate the diſtance of the top of the building 
from the water, by an obſervation taken as 
before. From this and the diſtance be- 
tween the water and index glaſs at the time 
of obſervation, you muſt compute the angle 
which the two points of reflection ſubtend 


at the top of the * It is not diffi- 
K cult 
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cult to ſee exactly from what part of the 
water the reflection is made; but we will 
ſuppoſe that reflection to be always made 
from the middle of the water- trough, and 
the other from the middle of the index glaſs. 
Make then an eſtimate of the angle which 
the middle of the water- trough and the 
middle of the index glaſs ſubtend at the top 
of the building when the octant is in the 
poſition in which the obſervation was made. 
Add this angle to that ſhown on the limb 
(whether by the fore or back obſeryation *); 
corre& the whole for index error and then 
halve it. This half is the exact angle which 
a ray, drawn from the top of the building 
to the point of reflection on the water, 
makes with the ſurface of the water; or it 
is the angle of the elevation of the building 
above the level of the water, ſuppoſing the 
eye placed at the point of reflection or mid- 
dle of the water-trough. If- the diſtance 
of this point from the bottom of the build- 
ing be known, the height of the building 


In the back obſervation it is poſſible for the ray, inci- 
dent on the water, to paſs between the index glaſs and the 
eye: ſhading this interval by the hand will in that caſe hide 
the image in the water. and ſhow whether it be ſo or not. 
This caſe is not probable; but if it ſhould happen, then this 
angle is to be ſubtracted from that ſhuwn on the limb. 


2 above 
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above the level of the water is eaſily found 
by plane Trigonometry. 


POSTSCRIPT. 


Y the errors which ariſe from not adjuſting 
|; the dude glaſs, | 


196. In par. 44 we have ſhown the me- 
thod of ſetting the index glaſs perpendicu- 
lar to the plane of the octant. As ſome 
inſtruments have no proviſion for doing this, 
the reader may wiſh to be informed what 
errors will ariſe from neglecting this adjuſt- 
ment. Now if the two adjuſtments of the 
horizon glaſs, deſcribed par. 48 and 51, be 
properly made, then the glaſſes will be par- 
allel to each other when the index ſtands 
at the beginning of the diviſions; but both 
of them may deviate (equally) from the 
perpendicular to the plane of the octant. 
197. In this caſe the index will not ſhow 
on the limb the double inclination of the 
ſpeculums. For their common ſection is 
never perpendicular to the plane of the 
octant, nor to both the ſeQions of the re- 
flecting planes made by the plane of the 

K 2 octant. 
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| otant. Therefore the angle between theſe 
laſt mentioned ſections, equal to half the 
angle ſhown by the index, is not that mea- 
ſure of the inclination of the reflecting planes 
to each other, which is laid down by Eu- 
clid in the fixth definition of the eleventh 
book of the Elements 3 nor does the index 
ſhow, as it ought, the double of their in- 
clination. To correct this, ſay, as radius 
is to the coline of deviation, ſo is the ſine 
of one fourth of the angle ſhown on. the 
limb, to the fine of one fourth of the cor- 
rected angle; which is therefore always leſs 

than that ſhown on the limb. | 
198. But beſides this, another and greater 
error will ariſe if you look through a tube 
or teleſcope whoſe axis is parallel to the 
plane of the octant. All obſervations ſhould 
be made in a plane perpendicular to both 
the ſpeculums, and then the objects may be 
conſidered (according to Hadley's method, 
Phil. Tranſ. Nr 420 and 425) as lying in 
the circumference of a great circle in. the 
heavens, whoſe plane is perpendicular to 
the common ſection of the ſpeculums. . For 
this end, the teleſcope ſhould be in that 
plane; but in ** caſe we have ſuppoſed, 
the 


Pos rec. 133 


the teleſcope is inclined; to that plane: 
Therefore the objects muſt here be con- 
fidered (in Hadley s way) as lying in a par- 
allel circle, whole diſtance- from the great 
circle is the angle which the teleſcope: 
makes with that plane; or, which is the 
ſame thing, the complement of that diſtanoe 
is equdl to the angle Which a line, drawn. 
through the common ſection of the ſpe- 
culums, parallel to the axis of the teleſcope, 
makes with that common ſeation. 
199. To find this angle, befides'the-an- 
gle of the. deviation of the glaſſes and the 
angle ſhown by the index, we mult like · 
wiſe know the angle which a line, drawn 
through the common ſection of the plane 
of the octant and horizon glaſs, parallel 
to the axis of the teleſcope, makes with 
that ſection. This will be nearly the com- 
lement of the angle of incidence on the 
horizon glaſs, and may be ſuppoſed equal to 
it. From theſe data we may compute the 
diſtance of the parallel from tho great circle 
before mentioned, and from thence (by 
Hadley's fifth corollary) the true angle be- 

tween the objects. 
200. An example may explain this. Let 
the 
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the angle of deviation of the glaſſes from 
the perpendicular be one degree. The an- 
gle ſhown by the index on the limb, go 
degrees; and the third angle before men- 
tioned, 74 degrees and 30 minutes, being 
the complement of che angle of nn. 
given in par. 95. 


is BM. 

Then ths correfied adgle, or — dom rygn K 
of the reftefting planes to other, — 8 
The inclination of Py common ſection to the '9 59 

of the otant — 33 55 32 

The complement of the r of of the parallel 

from the great circle n= 88 oo 325 
The casa between the objects = —= 95755 


Hence the error from the firſt cauſe, par. 197, 
Is 52 ſeconds; from the latter, p- 198, one 
minute and 124 ſeconds; from both toge · 
ther ſome what above two minutes. 


THE END 
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ADDITIONS TO THE DIRECTIONSj# 
7 XK. ; 
To come in after pur. 187, 


In adjuſting the fore horizon glaſs; if in- 
ſtead of a diſtant obje& you adjuſt it by that 
object which is to be viewed directly, fol- 
lowing in other reſpects the directions in 
par. 523 the octant will then ſnow, on the 
limb, the exact angle which the objects ſub- 
tend at the center of the index-glaſs; and 
that whether they are near or diſtant. This 
indeed is not the angle which thoſe objects 
would ſubtend to the naked eye placed at 
the ſight vane; but it is ſometimes uſeful 
to determine the angle which they ſubtend 
at the center of the index glaſs. 

Otherwiſe, if you have no mind to alter 
the adjuſtment already made by a diſtant 
object, then find the index error as directed 
in par. 54; only uſing, for this purpoſe, 
that object which is to be viewed directly, 
inſtead of a diſtant one. The index error, 
ſo found, muſt be added to, or ſubtracted 

| fr Om, 
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from, the angle ſhown on the limb by the 
ule. in par, 34. This will give the exact 
angle which the two objects ſubtend at the 
center of the index-glaſs as before. 

The difference between the angle ſhown 
on the limb (ſuppoſing the horizon-glaſs 
adjuſted by a diſtant object) and the angle 
which the objects ſubtend at the center 
of the index-glaſs, depends wholly on the 
diſtance of the object ſeen by direct viſion. 
The difference between the former angle 
and that which the objects ſubtend to the 
naked eye (at the fight-yane) depends on 
the place of the object ſeen by reflexion, 
that is on its diſtance and the angle ſhown 
on the limb; not at all on the diſtance of 
the object ſeen directly. 


To come in after par. 192. 


If you find the index-error as directed in 
par. 54; only uſing, for this purpoſe, that 
object which is to be viewed directly inſtead 
of a diſtant one, and ſet the index ſo that 
the angle ſhown. on the imb, when cor- 
rected for index- error, may be the propoſed 

| angle 
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angle of the off-ſet ; the angular point will 
then always fall on the center of the index 
glaſs. By this means that point will be in- 
variable whatever be the angle of the off 
ſet; but then the index-error muſt be de- 
termined over again for every particular off- 
ſet that is to be made, Upon the whole, 


the method before deſcribed ſeems prefer- 
able, 


\ 


Read the note, Nr 2, at the end of par. gz, 
as follows: 


2. The ſame is true in the back obſervation, underſtand- 
ing by the inclination of the reflecting planes the acute angle 
they make with each other, according to Euclid, Def. 6. 
El. xi. Otherwiſe we may ſay, the obtuſe angle between 
the incident ray and that ray after two reflections, is double 
the ſupplement (to 180 degrees) of the obtuſe angle between 
the faces of the ſpeculums. And this is the angle ſhown on 
the limb, if it be read off by the rule in par. 24. 
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